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The goal of this project was to integrate cryopreservation into the hybridization of sunfishes. 
The first objective was to evaluate the conditioning of sunfishes to spawn in cages in warmwater 
ponds.  Bluegill and green sunfish were stocked in cages in ponds heated to 27 C by geothermal 
water.  Fish in heated ponds did not spawn on artificial nests in cages.  Fish were also brought into 
the laboratory for artificial spawning.  There were 22 spawns yielding 47 ± 19% (mean ± SD) 
fertilization. 
The second objective was to develop methods for the refrigerated and frozen storage of 
sperm of bluegill Lepomis macrochirus and green sunfish Lepomis cyanellus.  Sperm were stored in 
Hanks’ balanced salt solution prepared at 300 mOsmol/kg, and activated with solutions prepared at 
80 mOsmol/kg.  Sperm stored at 4 C maintained motility for as long as10 d, but the optimum use of 
sperm was on the day it is collected.  Cryopreserved sperm should be thawed in a 40 C water bath 
for 7 s.  The motility of cryopreserved sperm lasted for less than 1 min. Cryopreserved sperm of 
bluegill and green sunfish were able to fertilize green sunfish eggs. 
The third objective was to improve methods of cryopreservation of sperm of bluegill and 
coppernose bluegill Lepomis macrochirus purpurescens to produce hybrids with green sunfish.  
Sperm were exposed to five concentrations of five cryoprotectants and motility was estimated at 10 
min intervals for 30 min.  There were concentration-dependent effects on motility over time.  One 
concentration of each cryoprotectant was used for cryopreservation.  Sperm cryopreserved with 
methanol had the highest post-thaw motility while sperm cryopreserved with propylene glycol 
yielded the highest fertilization.  Sperm of bluegill and coppernose bluegill were cryopreserved and 
used to fertilize eggs of the same green sunfish.  There were no significant differences between the 
xvi 
subspecies for motility before freezing (P = 0.4704), post-thaw motility (P = 0.5841), fertilizing 
ability (P = 0.1351) and hatch (P = 0.1133). 
xvii 
CHAPTER 1:  FOREWORD 
 Scientific writing should be succinct, minimize the use of non-necessary jargon, and 
define what is being presented (Eschmeyer 1990).  This Thesis has been written for a general 
audience, so anyone interested in the work will know what was done and why I did it.  This 
Foreword was written to give information on the content, rationale, and organization of the 
Thesis.  It also provides some background on sunfish of the genus Lepomis and aquaculture.   
 Sunfishes are among the most popular freshwater sport fishes in the United States 
(Prentice and Schlethte 2000).  Sunfishes and hybrid sunfishes have been identified as potential 
food fish species for aquaculture (Brunson and Morris 2000).  Hybrid sunfishes are of interest for 
aquaculture because they accept formulated feeds, tolerate low dissolved oxygen, and lack the 
reproductive potential of parental species (Wills et al. 2000).  The coppernose bluegill Lepomis 
macrochirus purpurescens is a subspecies of bluegill, native to Florida (Hubbs and Allen 1943), 
that is believed to be faster growing, larger, more tolerant to handling, and a better overall sport 
fish than bluegill Lepomis macrochirus (Prentice and Schlethte 2000).   
The laws in Louisiana have been changed to allow commercial production of sunfishes.  
Because commercial production of a native species can encourage poaching, previous legislation 
had prohibited sunfishes of the genus Lepomis from being cultured as food (R.S. 56, §327.1, 
1997).  However, recent changes in the year 2000 permit for the culture of coppernose bluegill 
and two hybrid crosses:  green sunfish Lepomis cyanellus x bluegill and bluegill x redear 
Lepomis microlophus (R.S. 56, §412, 2000) (Appendix C).  The green sunfish x bluegill hybrid 
has shown promise for aquaculture as a food fish and a sport fish.  The bluegill x redear hybrid 
feeds on snails on pond bottoms, which can help break the life cycle of some diseases (Dupree 
and Huner 1984).        
1 
Sunfishes can be artificially spawned by stripping of eggs and sperm (Childers 1967, 
Brunson and Robinette 1987).  Collecting eggs and sperm simultaneouslyt during spawning can 
be laborious and logistically difficult.  Storage of sperm can eliminate some problems with 
artificial spawning.  Short-term storage can allow for sperm collection before eggs are collected.  
Cryopreserved sperm can theoretically be stored indefinitely in liquid nitrogen (Leung 1991), 
further streamlining artificial spawning.  Cryopreservation allows for the preservation of sperm 
of improved lines of fish and is less expensive than maintaining large numbers of male 
broodstock.   
 Several factors have led to the research objectives in this project.  One factor was the new 
Louisiana law, mentioned above allowing, culture of hybrid sunfishes.  Another factor was the 
interest of Louisiana fish farmers in culturing sunfishes.  Finally, there is limited research on the 
storage of sunfish sperm.  The goal of this research was to integrate cryopreservation into the 
artificial spawning of sunfishes to produce hybrid sunfish.  The objectives were to:  1) develop 
an extensive method of conditioning sunfish brood stock for artificial spawning; 2) establish 
protocols for short-term storage and cryopreservation of sperm of bluegill and green sunfish, and 
3) optimize methods of sperm cryopreservation of bluegill and coppernose bluegill to produce 
hybrid sunfish.  The Introduction (Chapter 2) explains the biology and concepts discussed in the 
thesis.  Chapters 3, 4, and 5 are the technical portions of the thesis, covering the Objectives listed 
above.  The Summary and Conclusions (Chapter 6) pulls together the research done for this 
thesis and explains the significance and importance of the work.  Appendix A is a list of 
Standard Operating Procedures (SOP’s) followed while gathering data.  Appendix B is the 
unanalyzed data for Chapters 3, 4, and 5.  Appendix C is a copy of the law that allows the culture 
of coppernose bluegill and hybrid sunfish in Louisiana.  Appendix D is the master list of sunfish 
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broodstock used in the research reported by this Thesis.  The Vita gives a brief background of the 
author.  Three abstracts were presented from the research reported in this thesis (Whaley and 
Tiersch 2002a;b,c).   
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CHAPTER 2:  INTRODUCTION 
 Aquaculture has been defined as “a type of farming where predictable crops can be 
managed and grown in waters owned or leased” (Avault 1996).  A variety of aquaculture 
products are produced in Louisiana, such as channel catfish Ictalurus punctatus, eastern oyster 
Crassotrea virginica, and crawfish Procambrus spp.  Markets and prices for products can 
change, sparking the need for diversification of aquaculture operations.  In response to the desire, 
among Louisisana aquaculturists, for greater crop diversification, lawmakers in Louisiana passed 
legislation in 2000 allowing production of hybrid sunfishes (genus Lepomis) and coppernose 
bluegill Lepomis macrochirus purpurescens as food fish (R.S. 56, §412, 2000) (Appendix C).   
Sunfishes of the genus Lepomis are native to North America and are abundant in the 
southern United States (Bond 1996).  Sunfishes have deep, laterally compressed bodies and 
rarely grow larger than 23 cm in total length and 0.4 kg in body weight (Pflieger 1997).  
Sunfishes are popular sport fishes that have been cultured for stocking of recreational ponds for 
the past 50 years (Brunson and Morris 2000).  Bluegill Lepomis macrochirus and green sunfish 
Lepomis cyanellus are native to Louisiana.  Coppernose bluegill Lepomis macrochirus 
purpurescens, which are native to Florida (Hubbs and Allen 1943), are a subspecies of bluegill 
(Avise and Smith 1974).  Coppernose bluegill are thought by lake managers to be a better sport 
fish than bluegill and have been introduced in lakes throughout the United States (Prentice and 
Schlethte 2000).        
 Cage culture is sometimes used for production of sunfishes and either species in lakes 
and ponds.  A cage is a basket-type structure placed in a pond that holds fish and allows water to 
pass through (Masser 1990).  Cages allow culture of fish, without interfering with the primary 
use of a body of water (Avault 1996).  Harvesting and monitoring of fish is simpler when cage 
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culture is used, and other free-ranging species also may be cultured in the pond. (Masser 1990).  
Sunfishes grow rapidly in cages, tolerate crowding, and have high potential market value 
(Brunson and Morris 2000).    
Sunfishes have been induced to spawn in tanks by manipulation of  water temperature 
and photoperiod (Miscke and Morris 1997).  For this kind of tank spawning, fish were 
conditioned for 3 mo, and precise control of environmental variables was necessary.  Channel 
catfish Ictalurus punctatus have been conditioned to spawn out of season (early spring) at the 
L.S.U. Aquaculture Research Station by addition of geothermal water to earthen ponds (Lang 
2001).  Temperatures in this study were maintained at 24 C to 30 C, which is in the spawning 
temperature range of sunfishes (Dupree and Huner 1984).  Sunfishes were stocked in cages with 
two females per male as reported in previous studies (Bryan et al. 1994, Mischke and Morris 
1997).  Cages were equipped with artificial nests, made of 25.4-cm circular dishes with 2-cm 
gravel glued to the inside. The nests were intended to provide spawning substrate and to 
encourage the pre-spawning behavior that is necessary to condition sunfishes to spawn (Bryan et 
al. 1994).  Ponds were heated, nests were checked for natural spawning in cages, and fish were 
brought into the wet laboratory for artificial spawning after nests were checked for natural 
spawning. 
Hybridization is produced by the mating of males and females of different species.  
Sunfishes have been reported to hybridize in nature (Table 2-1).  Sunfishes rank second, behind 
minnows (family Cyprinidae), in the occurrence of natural hybrids (Birdsong and Yerger 1967).  
Because sunfishes hybridize often in nature, it is difficult to obtain pure lines of broodstock 
(Dupree and Huner 1984).  Coppernose bluegill will reproduce with native bluegill when the two  
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Table 2-1.  Examples of naturally occurring sunfish hybrids.  Modern scientific names are listed 
 (Robins et al. 1991), however, some references used classifications accepted at the time   
of their publication date 
 
Reference Parental species (genus Lepomis) Location 
   
Hubbs and Hubbs 1933 Bluegill x Pumpkinseed Crystal Lake, Michigan 
 (L. macrochirus x L. gibbosus)  
   
Bailey and Lagler 1938 Pumpkinseed x Green Sunfish Millwood, New York 
 (L. gibbosus x L. cyanellus)   
   
 Bluegill x Green sunfish  
 (L. macrochirus x L. cyanellus)  
   
 Bluegill x Pumpkinseed  
 (L. macrochirus x L. gibbosus)  
   
Birdsong and Yerger 1967 Bluegill x Warmouth Jackson County, Florida 
 (L. macrochirus x L. gulosus)  
   
Dawley 1987 Bluegill x Pumpkinseed Eastford, Connecticut 
 (L. macrochirus x L. gibbosus)  
   
 Bluegill x Green sunfish  
 (L. macrochirus x L. cyanellus)  
   
 Green sunfish x Pumkinseed  
 (L. cyanellus x L. gibbosus)  
subspecies are introduced into the same body of water (Felley 1980).  The fish used in this study 
were identified using an illustrated dichotomous key (Pflieger 1997). Coppernose bluegill were 
distinguished from bluegill by a white bar across the nose, a reddish appearance to the fins and a 
white outline around the fringe of the fins (Hubbs and Allen 1943) (Figure A-1).  The bluegill 
and green sunfish used in this research were collected from a 6.9-ha reservoir at the Louisiana 
State University Aquaculture Research Station (N 30° 22.2”, W 91° 11.2”) and from Henderson 
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lake, near Henderson, Louisiana (N 30° 19.7”, W 91° 19.6”).  Coppernose bluegill used in this 
study were made available from a commercial supplier (Suttle Fish Farms, Laurel, Mississippi).   
These fish were not genetically characterized in this study, but were representative of sunfish 
broodstock available to commercial aquaculture operations in Louisiana.   
Hybrid sunfishes have been identified as a potential aquaculture product as a food fish.  
There have been 25 papers published describing research involving hybrid sunfishes (Table 2-2)  
All possible hybrids of green sunfish, bluegill, warmouth, and redear Lepomis microlophus have 
been evaluated for use in aquaculture (Childers 1967).  Hybrids of some sunfishes will readily 
accept commercial feeds, can tolerate low dissolved oxygen, and yield biased sex ratios as high 
as 95% male (Brunson and Robinette 1987).   
The green sunfish (female) x bluegill hybrid has generated the most interest in 
aquaculture in the past 15 years.   Hybrid sunfishes traditionally have been produced in ponds, by 
stocking male and female pairs of fish of the appropriate species and allowing them to spawn 
naturally (Childers 1967, Crandall and Durocher 1979).  This method can cause problems, such 
as mortality of juveniles during harvest (Brunson and Morris 2000), a limited (2-3 month) egg 
collection period, little control over predation, and contamination by unwanted sunfish (Mischke 
and Morris 1997).  Alternatively, sunfishes can be spawned in the laboratory, which allows more 
control over environmental variables, predation and specific pairings for spawning.  Artificial 
spawning comprises the manual stripping of eggs and sperm, mixing of eggs and sperm, and 
addition of water for fertilization.  In earlier hybrid sunfish research, eggs and sperm were 
stripped from fish, and immediately activated (Childers 1967 Smitherman and Hester 1962).  
Green sunfish eggs used for fertilization in this study were collected by stripping eggs after  
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Table 2-2.  References that address various aspects of the culture of hybrid sunfishes. 
 Type of research Reference  
 Growth and feeding Brunson and Robinette 1982  
  Brunson and Robinette 1983  
  Hayward et al. 1997  
  Heidinger 1975  
  Lewis and Heidinger 1971  
  Tidwell et al. 1992  
  Wang et al. 1998a  
  Wang et al. 1998b  
  Whitledge et al. 1998  
    
 Comparison of hybrids Childers and Bennett 1961  
  Childers 1967  
  Crandall and Durocher 1979  
  Guest 1984  
  Henderson and Whiteside 1976  
  Smitherman and Hester 1962  
    
 Pond culture Brunson and Robinette 1986  
  Ellison and Heidinger 1976  
  Kurzawski and Heidinger 1982  
  Ricker 1948  
  Tidwell et al. 1994  
    
 Reproduction and spawning Brunson and Robinette 1987  
  Heckman 1969  
  Mischke and Morris 1997  
  Wills et al. 1994  
  Wills et al. 2000  
 
injection of a synthetic hormone.  Earlier artificial spawning experiments were done with 
undiluted sperm (Childers 1967, Smitherman and Hester 1962).  Sperm of freshwater fishes is 
not motile inside the testis and sperm begin movement, or are activated, by the decrease in 
osmotic pressure, or ionic concentration, when the sperm are released (Leung and Jamieson 
1991).   Motility estimates and fertilization are the most common assessments of sperm quality 
(Wayman and Tiersch 2000). Estimation of sperm motility is a common assessment procedure 
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because it is quick and relatively simple.  However, methods for the estimation of sperm motility 
are not standardized and sperm motility is not always a good indicator of fertilizing ability (Gwo 
et al. 1991, Kerby 1983).  Motility estimates in this study were obtained by adding activation 
solution to sperm.  Motility was recorded as the estimated percentage of actively forward-
swimming sperm viewed with a microscope. Activation curves were experiments that helped to 
determine the osmotic pressure of an extender that would not activate sperm for storage, and the 
osmotic pressure of an activation solution that would fully activate sperm for fertilization (Bates 
et al. 1996).   
 Storage of sperm in extenders at low temperatures (2 – 9 C) can prolong the storage time 
beyond that of undiluted sperm (Stoss 1983).  Undiluted bluegill sperm did not fertilize eggs 5 
min after stripping, and undiluted green sunfish sperm did not fertilize eggs 6 min after stripping 
(Childers 1967).  Hanks’ balanced salt solution has been used as an extender for sperm of fish 
(Wayman and Tiersch 2000).  Refrigeration of sperm at 4 C and estimation of motility at 24-h 
intervals can determine the maximum storage time that doesn’t result in a significant decline in 
sperm quality.  This allows for sperm to be collected and stored prior to fertilization and 
spawning efforts may focus on collecting eggs.  While refrigerated storage is useful for fish that 
spawn during the same time of year, long-term storage of sperm may be necessary for production 
of hybrids, when one species spawns at a different time of year than another.  Long-term storage 
of sperm can be accomplished through cryopreservation. 
 Cryopreservation is the freezing and thawing of biological materials in a manner that 
preserves their biological activity (Figure 2-1).  In theory, cryopreserved sperm cells would be 
viable indefinitely at storage temperatures of –196 C (Leung 1991).  Cryoprotectants are 
chemicals added to sperm to help the cells survive the freezing and thawing processes involved 
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in cryopreservation.  Cryoprotecants can be toxic to sperm cells, so exposure to cryoprotectants 
must be limited before freezing.  Sperm motility of most freshwater species lasts for less than 1 
min (Stoss 1983).  Cryoprotectant toxicity studies evaluate the effect of different concentrations 
of cryoprotectants on sperm motility, which helps optimize cryopreservation of sperm for 
different species (Horton and Ott 1976).    Thawing of sperm should also be optimized to 
minimize cellular injury (Gwo et al. 1991).  Generally, straws of sperm should be thawed as 
quickly as possible to preserve sperm quality (Horton and Ott 1976).  The duration of sperm 
motility after cryopreservation should be evaluated to determine the amount of time available for 
sperm to fertilize eggs (Leung and Jamieson 1991). Cryopreservation of sperm in this study was 
done following protocols for the cryopreservation of dairy bull sperm (Louisiana State 
University T. E. Patrick Dairy Improvement Center and Genex, Inc., Baton Rouge, Louisiana).   
Cryopreservation success was evaluated by sperm motility and fertilizing ability.  
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CHAPTER 3:  EVALUATION OF CONDITIONING OF SUNFISH TO SPAWN IN CAGES IN 
WARMWATER PONDS 
 
Larval production of sunfishes (genus Lepomis) traditionally has been done by stocking 
spawning pairs of the appropriate species into ponds and allowing the fish to spawn naturally 
(Mischke and Morris 1997).  Pond production of sunfishes allows minimal control over water 
quality, predation, environmental conditions, and infestation with unwanted fish.  Harvest of 
sunfish fingerlings (less than 3 cm total length) from ponds by seining can result in high 
mortality rates from scale damage (Higganbotham 1990). 
Artificial spawning allows control over water quality, predation, environmental 
conditions and broodstock selection.  Harvest of sunfish fingerlings from tanks is more efficient 
and causes less mortality than harvesting from ponds (Brunson and Morris 2000).  Sunfishes can 
be brought into the laboratory and conditioned to spawn in tanks by manipulation of temperature 
and photoperiod, although, this process requires acclimation and conditioning for months, with 
precise manipulation of temperature, light, and water quality (Mischke and Morris 1997).  
Sunfishes can be artificially spawned by injection of hormones, and the collection and mixing of 
gametes (Sneed and Dupree 1961, Banner and Hyatt 1975).  Sunfishes that have been 
conditioned to spawn in their natural environment can also be brought into the laboratory and 
artificially spawned (Childers 1967, Wills et al. 1994).   
Sunfishes are good candidates for cage culture because of their rapid growth rates, 
tolerance of crowding, and potentially high market value (Brunson and Morris 2000).  
Geothermal water has been used at the L.S.U. Aquaculture Research Station to heat earthen 
ponds (0.04 ha) to 24 C – 30 C, to induce channel catfish Ictalurus punctatus to spawn before the 
normal spawning season (Lang 2001).  These temperatures also are within the spawning range of 
sunfishes (Dupree and Huner 1984).  The goal of this study was to evaluate conditioning of 
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sunfishes for artificial spawning in cages in heated and nonheated ponds.  The specific objectives 
were to:  1) construct cages suitable for holding sunfishes in earthen ponds; 2) evaluate spawning 
of sunfishes on artificial nests in cages, and 3) artificially spawn sunfish after conditioning in 
cages in heated and unheated ponds. 
Materials and Methods 
Collection and Identification of Fish 
 Bluegill Lepomis macrochirus and green sunfish Lepomis cyanellus were collected by 
hook and line and electroshocking in a 6.9-ha reservoir at the Louisiana State University 
Aquaculture Research Station.  Coppernose bluegill were obtained from a commercial supplier 
(Suttle Fish Farms, Laurel, Mississippi.  Bluegill and green sunfish were identified with a 
dichotomous key (Pflieger 1997).  Coppernose bluegill were identified as bluegill with a white 
bar across the head and a reddish appearance to the fins (Hubbs and Allen 1947) (SOP-2). 
Cage Construction 
 Twelve cages were constructed for the conditioning experiment (Figure 3-1).  The cages 
were 1.22 m × 1.83 m × 0.61 m.  The supports for the cages were made of 2.54-cm, schedule 40 
polyvinyl chloride (PVC) pipe, connected by 3-way 2.54 cm PVC fittings (Aquatic Ecosystems, 
Apopka, Florida).  Supports for the lids were constructed with schedule 20 PVC pipe connected 
with 90 degree, 2.54-cm PVC fittings.  Floats were 1.22 m and made of 10.2-cm, sewer-grade 
PVC pipe sealed with 10.2-cm endcaps.  All pipes and fittings were cleaned with PVC primer 
(Oatey, Cleveland, Ohio, Number 30783) and glued with wet-dry PVC cement (Oatey, 
Cleveland, Ohio, Number 30891).  Plastic mesh  (0.64-cm grid, Memphis Net and Twine, 
Memphis, Tennessee) was connected by 20-cm cable ties around the bottom and four sides of the 
cage.  Plastic netting (1.9-cm grid, Memphis Net and Twine, Memphis, Tennessee) was cable-
18 
tied to the lid.  The lid was loosely connected to the cage with cable ties on the 1.22-m end, 
which allowed the cage to be opened and closed.  Floats were attached to the to the top of the 
cage with cable ties.  Cages were secured in ponds with two 2.1-m sign posts driven into the 
pond bottom.  Opposite corners of each cage were attached to sign posts with cable ties. 
Heating of Ponds and Stocking of Cages 
 Green sunfish and bluegill were stocked into cages in 0.04-ha earthen ponds (Figure 3-2) 
in a ratio of two females to one male (Bryan et al. 1994, Mischke and Morris 1997).  Artificial 
nests were made from 25.4-cm plastic dishes with 2-cm gravel glued inside the bottom of the 
dish with 100% silicone.  An artificial nest was placed in each corner of the cages.  Pond 
temperatures were raised 2 C per day from the ambient temperature (13 C for the first heating 
and 20 C for the second heating) to 27 C.  Geothermal water was added to the ponds to raise 
temperatures and was regulated by automated process control (Lang 2001).  Temperatures of the 
ponds were measured every 30 min by data loggers (Hobo Data Logger, Onset Computer 
Corporation, Pocasett, Massachusetts) placed on the cage about 0.5 m below the surface (Figure 
3-3).  During the first heating of ponds, from February 14, 2002 to March 1, 2002, 16 females 
and 8 males were stocked into each cage (Table 3-1).    During the second heating of ponds, 
April 4, 2002 to April 18, 2002, cages held 8 females and 4 males or 16 females and 8 males 
(Table 3-2).  Fish were fed a commercially prepared channel catfish fingerling diet (36% protein, 
1-mm, floating pellets, Clover, Fort Dodge, Iowa). 
Spawning in Cages 
 
 After ponds were held at 27 C for about 1 wk, the four artificial nests in each cage were 
checked for fertilized eggs adhering to the gravel.  Nests were checked at 3-d intervals until 
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Figure 3-1.  Schematic of cage used to condition sunfish for artificial spawning.  Plastic mesh 
 was connected to supports with 20-cm cable ties.  Floats and lid were connected with 




















Figure 3-2.  A schematic of the twelve geothermally heated ponds at the Louisiana State 







Table 3-1.  Stocking scheme of sunfish in cages in heated and non-heated earthen ponds.  Sixteen 
female  and eight male bluegill Lepomis macrochirus (BG), green sunfish Lepomis 
cyanellus (GS), or both species were stocked in cages with artificial nests.  Ponds were 




(female × male) Treatment 
4 GS × GS Not heated 
   
5 GS × BG Not heated 
   
6 BG × GS Not heated 
   
7 GS × BG Not heated 
   
8 GS × GS Not heated 
   
9 BG × GS Heated 
   
10 BG × BG Heated 
   
11 GS × BG Heated 
   
12 GS × GS Heated 
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Table 3-2.  Stocking scheme of sunfish in cages in heated and non-heated earthen ponds.  
Bluegill Lepomis macrochirus (BG) and green sunfish Lepomis cyanellus (GS) were 
stocked in cages in ponds.  Ponds were heated by addition of geothermal water to 27 C 
from April 4, 2002 to April 24, 2002. 
 




Number and species stocked 
(female × male) Treatment 
    
2 2 8 GS × 4 BG Not heated 
  8 GS × 4 BG  
    
3 2 8 GS × 4 BG Not heated 
  8 GS × 4 BG  
    
4 2 16 GS × 8 BG Not heated 
  16 GS × 8 GS  
    
5 1 16 GS × 8 BG Heated 
    
6 1 16 BG × GS Heated 
    
7 2  8 GS × 4 BG Heated 
   8 GS × 4 BG  
    
8 2 8 GS × 4 GS Heated 




































Figure 3-3.  Water temperatures of a 0.04-ha pond heated by addition of geothermal water.   The 
geothermal well was turned on at 1800 hours each evening and off at 0600 hours each 
morning.  The  geothermal well was left on between 0600 and 1800 hours when daytime 
air temperatures were not warm enough to maintain desired pond temperatures. 
 
Artificial Spawning 
 Fish were removed from the cages and treated in a dip of 5 parts per thousand (g/L) salt 
and 165 parts per million (mg/L) of formalin (37% formaldahyde, Fisher Chemical, Fair Lawn, 
New Jersey Lot number 001447) for 1 h to remove external parasites (SOP-1).  Fish were 
acclimated to recirculating systems for at least 2 d before female broodstock were injected with 
100 µg/kg of synthetic luteinizing hormone-releasing hormone ([D-Ala6, Des-Gly10]-LH-RH 
ethylamide, Peninsula Laboratories, Belmont, California).  Fish were stripped of eggs 24 h later 
(SOP-7).  Eggs were fertilized with sperm of bluegill (SOP-4).   Fertilization was calculated as 
the percentage of eggs that progressed to the embryonic shield stage (Kim and Park 1987) 10 h 




Heating of Ponds 
 Ponds were maintained at 27 C after heating began at a rate 2 C per day (Figure 3-2).  
Ponds were heated from 1800 hours to 0600 hours when daytime air temperatures were warm 
enough to maintain desired water temperatures.  Ponds were heated continuously when daytime 
air temperatures were not warm enough to maintain desired water temperatures.   
Spawning in Cages 
 During the first heating of ponds (February 14, 2002 to March 21, 2002), artificial nests 
were checked for fertilized eggs at 3-d intervals from March 12, 2002 to March 21, 2002.  No 
spawns were observed in any cages, in heated or unheated ponds.  During the second heating 
event (April 4, 2002 to April 24, 2002), artificial nests were checked for fertilized eggs at 3-d 
intervals from April 18, 2002 to April 24, 2002.  One spawn was observed in one cage in an 
unheated pond (G4) on April 21, 2002.   
Artificial Spawning 
All fish in cages were brought into the laboratory after conditionining and artificial 
spawning of female fish was attempted.  This yielded 22 spawns with 47 ± 19% (mean ± SD) 
fertilization success.  Eggs collected during artificial spawning accounted for all fertilization data 
in Chapter 5. Sperm of bluegill and green sunfish were used in the artificial spawning and 
cryopreservation experiments in Chapters 4 and 5.   
Discussion 
The cages used in this study were effective at holding sunfish broodstock in earthen 
ponds.  All fish in two cages escaped through holes in the plastic netting.  The holes could have 
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been produced from ripping of the cage while placing it in the pond, or by a predator, such as an 
otter Lutra canadensis. 
Sunfish diets consist of insects and other small fishes (Higganbotham 1990), but 
sunfishes will readily accept formulated feeds.  Sunfishes held in the cages ate formulated feed 
and had natural food available, such as insects and mosquitofish Gambusia affinis, which were 
abundant in the ponds used in the study.     
Thermal effluents from industrial sources have been referred to as “thermal pollution” 
because of their perceived adverse effects on ecosystems (Magnuson et al. 1979).  Warmwater 
fish may benefit from space and food in thermal effluents (Neill and Magnuson 1974), and  
increase their growth in such environments.   Optimum growth of sunfishes occurs at 
temperatures of 28 to 30 C (Lemke 1977, Beitinger and Magnuson 1979).  Although no growth 
data were recorded in this study, fish collected from cages in heated ponds for artificial spawning 
were observably larger than when they were stocked.  Temperatures of heated ponds (26-27 C) 
and the availability of natural food likely contributed to the growth of sunfishes in cages.  The 
benefits of heated water for growth and conditioning of sunfishes indicates that in some cases 
thermal effluents might be viewed as a resource, rather than as pollution (Magnuson et al. 1979).    
Traditional production of sunfishes in ponds involves stocking of 50-100 male-female 
pairs per hectare to allow natural spawning (Brunson and Morris 2000).  In 0.04-ha ponds like 
those used in this study, two to four pairs (4 to 8 fish) would be stocked for natural reproduction.  
However there were 12 to 24 fish stocked in the 1.36 m3 cages described in this study.  Crowded 
conditions can limit reproduction of sunfishes (Swingle 1953), which may explain why fish in 
cages did not readily spawn on artificial nests.   
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For tank spawning on artificial nests, sunfishes were stocked at a ratio of two females to 
each male, which was the same female-to-male ratio used in previous studies (Bryan et al. 1994, 
Mischke and Morris 1997).  Sunfishes need sufficient space to spawn on artificial nests (Bryan et 
al. 1994).  In the present study, limited space could have prevented spawning on artificial nests 
in cages.  Manipulation of photoperiod (without adjusting temperature) has been shown to  
induce out-of-season spawning of lepomid sunfishes (Mischke and Morris 1997), which could 
explain the lack of out-of-season spawning in this study in cages held in heated ponds with 
temperatures in the appropriate range for sunfish spawning.  Future experiments should test the 
effects of fewer fish in the cages, and the effects of water temperature, behavior, and photoperiod 
on sunfish spawning.   
Artificial spawning of sunfishes has been accomplished by injecting females with 
gonadotropic hormones, stripping and mixing gametes, and fertilizing eggs with sperm (Sneed 
and Dupree 1961, Banner and Hyatt 1975).  In this study, female green sunfish were induced to 
spawn again 1 mo after the initial spawn.  Also, sperm of males conditioned in cages were used 
for cryopreservation experiments in Chapters 3 and 4 of this Thesis. 
Sunfishes can be conditioned in cages in heated ponds in preparation for artificial 
spawning.  Cages are accessible for checking natural spawning on nests and for removal of fish 
for artificial spawning.  In this study, fish generally did well in cages.  Hook-and-line collection 
of sunfishes was not a dependable source of broodstock for spawning.  Having sunfishes readily 
available is beneficial for research purposes because collecting sunfishes is time-consuming and 
labor-intensive.  When large numbers of broodstock become available, for example when a 
recreational pond is drained, fish can be held and conditioned to spawn in cages.  Cage culture of 
sunfishes can condition fish for artificial spawning, thus helping to streamline the production 
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process.  Artificial spawning allows the producer to cross specific lines of fish, spawn hybrid 
sunfishes, control the time of spawning and utilize cryopreservation.  Artificial spawning also 
can help in genetic improvement and production of hybrid fish.  Cage culture of sunfishes 
combines the accessibility of broodstock with the natural conditioning process that prepares for 
spawning.   
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CHAPTER 4:  CRYOPRESERVATION OF SPERM OF BLUEGILL AND GREEN SUNFISH 
 Sunfishes of the genus Lepomis have been cultured in the United States for the past 50 
years (Brunson and Morris 2000). Production of sunfishes has traditionally taken place in ponds 
(Ellison and Heidinger 1976).  Broodfish of the desired sex and species are placed into ponds 
and allowed to spawn naturally, which allows for collection of fertilized eggs for 2 to 3 months 
each year (Mischke and Morris 1997).  Artificial spawning has also been accomplished with 
sunfishes.  For example, green sunfish Lepomis cyanellus have been injected with combinations 
of thyroid-stimulating hormone and gonadotropic hormones to stimulate ovulation (Sneed and 
Dupree 1961).  
Artificial spawning has yielded sunfish that will accept commercial feed, tolerate low 
dissolved oxygen, and have high potential marketability for commercial food fish production 
(Wills et al. 1994).  The cross of green sunfish (female) × bluegill Lepomis macrochirus has been 
the most researched hybrid sunfish during the past 15 years.  However, storage of gametes for 
use in artificial spawning has received little attention in sunfish research. 
Sperm of freshwater fishes are activated by a decrease in osmotic pressure (Leung and 
Jamieson 1991).  When freshwater fish are spawning in nature, sperm are activated and become 
motile when released into the water.  Storage solutions (extenders) should not activate sperm.   
The osmotic pressures are usually based on the osmolality of the blood plasma (Stoss 1983).  In 
research,  sperm should be activated with solutions of differing osmotic pressures to determine 
the osmotic pressure needed for storage (no sperm motility), and full activation (highest sperm 
motility) (Bates et al. 1996).  Fish sperm can be stored for hours or days in the appropriate 
extender and at the appropriate temperature (Stoss 1983).  Hanks’ balanced salt solution (HBSS) 
has been used to store sperm of fish (Wayman and Tiersch 2000).  Periodic estimation of sperm 
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motility can determine the duration of viablility after collection.  Refrigeration (2 – 9 C) in the 
appropriate extender can provide short-term storage of sperm (Stoss 1983); however, long-term 
storage of sperm requires cryopreservation.    
 Cryopreservation is the freezing and thawing of cells in a manner that preserves their 
biological activity. In theory, cells stored in liquid nitrogen (-196 C) could be held indefinitely 
(Leung 1991). Cryoprotectants allow cells to survive freezing and thawing events.  The effects of 
different cryoprotectants on sperm motility should be evaluated to minimize the toxic effects of 
cryoprotectants (Horton and Ott 1976).  In this study, fish sperm were cryopreserved using 
methods developed for cryopreservation of dairy bull sperm.  The dairy industry has used 
cryopreservation as a tool for genetic improvement and production for the past 60 yr (Chandler 
2000). 
 Thawing can damage cryopreserved sperm when recrystallization of water causes 
intracellular ice formation (Leung 1991).  When sperm are thawed rapidly, ice formation, and 
damage to cells can be minimized (Horton and Ott 1976).  Because of this, previous studies have 
recommended that cryopreserved fish sperm be thawed in the shortest time possible (Leung 
1991).  Thawing times and temperatures should be optimized for cryopreservation of sperm of 
different species (Gwo et al. 1991).  
 Sperm motility of most freshwater fishes ceases after 15 s after activation (Stoss 1983).  
When fish are artificially spawned, sperm are added to the eggs, activation solution and excess 
water are added, and the fertilized eggs are incubated (Leung and Jamieson 1991).  The time 
recommended between activation and incubation is 2 min (Horton and Ott 1976) to 5 min 
(Wayman and Tiersch 2000) to allow sperm motility to cease.  Observation of sperm motility at 
short-time intervals (0.5-1 min) after activation can determine the time needed for sperm to 
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fertilize eggs.  Cryopreserved sperm can have characteristics different from those of non-frozen 
sperm, such as a shorter duration of motility (Stoss 1983). 
Sperm motility and fertilizing ability are most commonly used to evaluate 
cryopreservation (Wayman and Tiersch 2000), but fertilization is the main objective for 
cryopreservation of fish sperm (Gwo et al. 1991).  Post-thaw motility and fertilization are 
generally thought to be correlated (Leung and Jamieson 1991), but motile sperm can yield no 
fertilization and immotile sperm can fertilize eggs (Gwo et al. 1991, Kerby 1983).  Post-thaw 
motility and fertilization were used in this study to evaluate cryopreservation. 
The goal of this study was to develop methods for refrigerated and frozen storage of 
sperm of bluegill and green sunfish.  The specific objectives were to evaluate: (1) the effect of 
osmotic pressure on the motility of sperm; (2) motility of sperm stored at 4 C in HBSS at an 
osmolality of 300 mOsmol/kg; (3) the effect of four cryoprotectants on sperm motility; (4) the 
effect of thawing time and temperature on motility of sperm; (5) the duration of motility of 
cryopreserved sperm after activation, and (6) the effects of four cryoprotectant chemicals on 
cryopreservation success.  
Materials and Methods 
Collection, Identification, and Maintenance of Broodstock 
Bluegill and green sunfish were collected with hook and line from a 6.9-ha reservoir at 
the Louisiana State University Aquaculture Research Station (ARS) (N 30° 22.2”, W 91° 11.2”) 
in Baton Rouge, Louisiana.  Bluegill also were collected with electroshocking, i.e., the 
application of an electric current to water to stun fish, from Henderson Lake, near Henderson, 
Louisiana (N 30° 19.7”, W 91° 19.6”). Bluegill and green sunfish were identified with a 
dichotomous key (Pflieger 1997) (SOP-2). The fish were held at the ARS in recirculating 
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systems with water pumped at 44 L/min through four 173-L tanks and a 0.09-m3 bed of gravel 
for nitrification.  Total ammonia nitrogen was less than 1 mg Nitrogen/L, nitrite was less than 0.5 
mg/L as NO2-N, total hardness was maintained at about 100 mg CaCO3/L, and pH was 7.5 to 8.  
Fish were fed a commercially prepared channel catfish fingerling diet (36% protein, 1-mm 
floating pellets, Clover, Fort Dodge, Iowa). 
Collection of Sperm 
 Sperm were collected (SOP-4) after killing males with an overdose of tricaine methane 
sulphonate (methyl-m-aminobenzoate, MS-222, Finquel, Redmond, Washington.).  The testes 
were surgically removed, placed in 237-mL Ziploc freezer bags, crushed, and the sperm 
suspended in 20 mL of HBSS at 300 mOsmol/kg (SOP-3) per gram of testis (Wayman and 
Tiersch 2000).  The sperm solution was passed through a 30-µm filter to remove tissue debris, 
then stored in 50-mL plastic centrifuge tubes (Corning, Inc., Corning, New York) at 4 C until 
used.  Osmolality was measured by pipetting 10 µL of HBSS onto a paper disc on the sample 
holder on a vapor pressure osmometer (Model 5500, Wescor Inc., Logan Utah).   
Estimation of Motility 
 To estimate sperm motility (SOP-5), sperm solutions (2 µL) were placed on  glass slides 
and 20 µL of deionized water was added to the slide and mixed thoroughly with the sperm.  The 
samples were viewed with 100-X dark-field microscopy.  Only sperm that were actively moving 
forward were considered to be motile (sperm vibrating in place were not).  Estimated motilities 
were expressed as percentages. 
Activation of Sperm 
 Sperm were collected from five bluegill and five green sunfish.  A stock solution of 
HBSS at 300 mOsmol/kg was prepared (SOP-3).  Nine stepwise dilutions in 10% increments 
32 
(i.e. decrease of about 30 mOsmol/kg per increment) were prepared as activation solutions.  
Motility was estimated as described above.  A 10-µL aliquot of each sample was taken directly 
from the slide and osmolality was measured using a vapor pressure osmometer.  Blood was 
drawn from five bluegill and five green sunfish and placed in 1.5-mL centrifuge tubes.  The 
blood was allowed to clot and osmolality of plasma was measured using vapor pressure 
osmometry.   
Refrigerated Storage 
 Sperm from four bluegill and four green sunfish were collected and suspended in HBSS 
prepared at 300 mOsmol/kg.  Motility was estimated after collection and at 24-h intervals until 
the sperm were no longer motile when exposed to de-ionized water (50 mOsmol/kg).  Solutions 
were inverted at 24-h intervals to resuspend sperm cells that had settled during storage. 
Cryoprotectant Toxicity 
 Sperm from four bluegill and four green sunfish were exposed to 10% concentrations of 
four cryoprotectants:  methanol (HPLC grade, Fisher Chemical Corporation, Fair Lawn, New 
Jersey, Lot number 011567), dimethyl sulfoxide (99.5% pure, Sigma, St. Louis, Missouri, Lot 
number 129H0068), dimethyl acetamide (99+% pure, Sigma, Lot number 59H3635), and 
glycerol (Certified A.C.S., Fisher, Lot number 992724).  The cryoprotectants were diluted 1:1 
with HBSS before use.  Twenty microliters of diluted cryoprotectant were added to 80 µL of 
sperm solution, yielding a final volume of 100 µL with a 10% final concentration of 
cryoprotectant.  Motility was estimated immediately after addition of the cryoprotectant and at 
15-min intervals thereafter for 60 min.  The two cryoprotectants yielding the least decline in 
motility after 30 min were chosen for cryopreservation experiments.   
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Cryopreservation 
 Sperm from bluegill and green sunfish were cryopreserved at the Louisiana State 
University T. E. Patrick Dairy Improvement Center using commercial methods for freezing of 
bull sperm (Genex Cooperative Inc., Baton Rouge, Louisiana) (SOP-6).  Straws (0.5 mL) were 
filled by an automated straw-filler (model MRS 1, IMV International Corporation, Minneapolis, 
Minnesota) in a 5 C walk-in cooler.  The straws were placed in a freezing chamber, and after an 
initial release of heat from the samples, the chamber was cooled at a rate of 16 C per minute to  
-140 C.  Samples were plunged into liquid nitrogen (-196 C) for storage.   
Thawing Study 
 
 Sperm from four bluegill were cryopreserved with 10% methanol and sperm from three 
green sunfish were cryopreserved with 10% dimethyl sulfoxide using dairy protocols (SOP-6).  
Straws were thawed at either:  40 C for 7 sec, 30 C for 14 sec, 20 C for 21 sec, or by placement 
on the laboratory bench at room temperature (21 C).  Straws thawed by the first three methods 
were thawed in a water bath.  Motility of each sample was estimated (SOP-5).    
Duration of Motility 
Sperm from four bluegill were cryopreserved with 10% methanol and sperm from three 
green sunfish were cryopreserved with 10% dimethyl sulfoxide using dairy protocols (SOP-6).  
Straws were thawed at 40 C for 7 sec in a water bath.  Sperm from four bluegill and three green 
sunfish not used in cryopreservation also were evaluated for comparison with cryopreserved 
sperm.  Motility of sperm was estimated (SOP-5) at 30-sec intervals for 3 min. 
Fertilization Trials 
Sperm from four bluegill and four green sunfish were cryopreserved with two 
cryoprotectants each, based on cryoprotectant toxicity studies (SOP-7).  After 2 d, two straws of 
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sperm from each fish, preserved with each cryoprotectant (two replicates / cryoprotectant / fish), 
were thawed in a water bath (Model 1141, VMR Scientific, San Francisco, California) at 40 C 
for 7 sec and motility was estimated (SOP-5).  Eggs from green sunfish were used for 
fertilization trials (SOP-7).  Females were injected with 100 µg/kg of synthetic luteinizing 
hormone-releasing hormone (D-Ala6, Des-Gly10-LH-RH ethylamide) (Peninsula Laboratories, 
Belmont, California).  After 24 hours, eggs were stripped into room-temperature  (28 C) HBSS 
in Tupperware® bowls (200-mL) lined with vacuum grease (Tiersch et al. 1994) to prevent 
adhesion to the bowl surface.  Eggs of each female were divided into five treatment groups in 
100-mL (8.5 cm) glass bowls.  Eggs were mixed with 0.5 mL of sperm solution and the gametes 
were activated with 5 mL of tank water from the systems holding sunfish broodstock.  An 
additional 70 mL of tank water was added after 5 min.  One treatment group was fertilized with 
fresh sperm from a green sunfish male (not one of the males used for cryopreservation studies) to 
serve as an egg quality control, not to compare fresh sperm and cryopreserved sperm.  The 
remaining four treatment groups were fertilized with cryopreserved sperm from each male, with 
two replicates for each cryoprotectant. After fertilization, the watch glasses were held at 28 C in 
an incubator (Model 1535, VWR Scientific, San Francisco, California). Fertilization was 
recorded as the percentage of eggs that progressed to the embryonic shield stage (Kim and Park 
1987) (Fig. A-8-1) (SOP-8) at 10 h.   
Statistical Analysis 
 Data were reported as mean ± SD.  All data expressed as percentages were arcsine-square 
root transformed before analysis.  Statistical analyses were done with SAS software for 
microcomputers (Version 8e, Cary, North Carolina).  One-way ANOVA was used to analyze 
effects of the following on motility of sperm:  1) osmotic pressure; 2) time of storage; 3) length 
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of exposure to cryoprotectant, and 4) thawing method. Duration of motility was analyzed with a 
repeated measures ANOVA that compared differences between duration of motility of non-
frozen and cryopreserved sperm.  Significant differences (P < 0.05) among treatments, when 
indicated, were identified by a Duncan’s multiple range test.  Pearson’s correlation coefficients 
were calculated between all combinations of motility of sperm before freezing, post-thaw 
motility, and fertilization.  Statistical significance was accepted at P < 0.05. 
Results 
Activation of Sperm 
Bluegill sperm were fully activated (the highest sperm motility) at 94 mOsmol/kg and 
below, while sperm were completely inactive (no motility) at 272 mOsmol/kg and above (Figure 
4-1).  Green sunfish sperm were fully activated at 84 mOsmol/kg and below, while sperm were 
completely inactive at 255 mOsmol/kg and above (Figure 4-2).  The osmolality of bluegill 
plasma was 292 ± 13 mOsmol/kg (mean ± SD).  The osmolality of green sunfish plasma was 304 
± 19 mOsmol/kg.   
Refrigerated Storage 
The initial motility of bluegill sperm was 75 ± 7% and declined to 45 ± 14% after 1 d.  
Motility was 21 ± 19% at 9 d and no motility (< 2%) was observed after 11 d (Fig. 4-3).  Initial 
motility of green sunfish sperm was 60 ± 18% and declined to 24 ± 17% after 1 d.  No motility 
(< 2%) was observed after 5 d (Fig. 4-4).  There were significant decreases in motility of bluegill 
and green sunfish sperm after one day of storage.   
Cryoprotectant Toxicity 
Motility of bluegill sperm (Fig. 4-5) immediately after addition of methanol was 66 ± 
9%.  After 60 min it was 50 ± 11%, which was not significantly different (P = 0.262).  Motility 
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immediately after addition of glycerol was 45 ± 20% and was to 14 ± 19% after 60 min, which 
did not differ significantly (P = 0.3007).  Motility decreased significantly (P = 0.0076) 
immediately after addition of dimethyl sulfoxide, from 54 ± 21% at time zero to 9 ± 9% after 60 
min.  Motility immediately after addition of dimethyl acetamide was 46 ± 21%.  It decreased 
significantly (P < 0.0001) to 0% after 60 min. 
Motility of green sunfish sperm (Fig. 4-6) was 81 ± 15% immediately after addition of 
methanol and 40 ± 32% after 60 min, and did not differ significantly (P = 0.3979).  Addition of 
glycerol significantly (P < 0.0001) reduced motility from 66 ± 21% immediately after addition to 
4 ± 3% after 60 min, which was a significant decline.  Dimethyl sulfoxide significantly (P = 
0.003) reduced motility from 78 ± 3% at time zero to 46 ± 14% after 60 min.  Motility 
immediately after addition of dimethyl acetamide was 81 ± 3%.  It decreased significantly (P = 
0.0014) to 33 ± 18% after 60 min. 
Thawing Study 
Motility of bluegill sperm was 38 ± 9% for straws thawed at 40 C for 7 sec,  
35 ± 4% for straws thawed at 30 C for 14 seconds, 20 ± 4% for straws thawed at 20 C for 21 sec, 
and 4 ± 1% for straws thawed on the laboratory bench (Fig. 4-7).  Post-thaw motility of green  
sunfish sperm was 33 ± 8% for straws thawed at 40 C for 7 sec, 25 ± 5% for straws thawed at 30 
C for 14 seconds, 4 ± 2% for straws thawed at 20 C for 21 sec, and 4 ± 2% for straws thawed on 
the laboratory bench (Fig. 4-8). 
Duration of Motility 
Motility of non-frozen sperm of bluegill immediately after activation was 59 ± 12%.  It declined 











Figure 4-1.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm activated with 
Hanks’ balanced salt solution. Arrows show osmotic pressure needed to fully activate 
sperm (short arrow) and to maintain sperm in a non-motile state (long arrow).  Points 





















































Figure 4-2.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm activated with 
Hanks’ balanced salt solution. Arrows show osmotic pressure needed to fully activate 
sperm (short arrow) and to maintain sperm in a non-motile state (long arrow).  Points 


































Figure 4-3.  Motility estimates (percent) (mean ± SD) of bluegill Lepomis macrochirus sperm 
stored at 4 C.  Sperm were activated with deionized water and samples were not motile 





























Figure 4-4.  Motility estimates (percent) (mean ± SD) of green sunfish Lepomis cyanellus sperm 
stored at 4 C.  Sperm were activated with deionized water and samples were not motile 
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Figure 4-5.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed for 60 
min to 10% concentrations of methanol, glycerol, dimethyl sulfoxide (DMSO) and 






















































Figure 4-6.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm exposed for 
60 min to 10% concentrations of methanol, glycerol, dimethyl sulfoxide (DMSO) and 




























Figure 4-7.  Motility estimates (percent) (mean ± SD) of bluegill Lepomis cyanellus sperm 
 cryopreserved with 10% methanol and thawed with four methods.  Bars sharing a letter 





























Figure 4-8.  Motility estimates (percent) (mean ± SD) of green sunfish Lepomis cyanellus sperm 
cryopreserved with 10% dimethyl sulfoxide and thawed with four methods.  Bars sharing 
a letter were not significantly different (P > 0.05) 
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sperm of bluegill immediately after activation was 38 ± 9%, and declined to 1 ± 1% at 1 min 
(Fig. 4-9).  No motility was observed after 1 min.  The duration of motility of non-frozen and 
cryopreserved sperm of bluegill were significantly different (P = 0.0013).  Non-frozen sperm of 
green sunfish was observed to have no motility after 2.5 min. Motility of cryopreserved sperm of 
green sunfish immediately after activation was 33 ± 8% and declined to 2 ± 2% within 0.5 min 
(Fig. 4-10).  No motility was observed after 0.5 min.  The duration of motility of non-frozen and 
cryopreserved sperm of green sunfish also was significantly different (P = 0.0002). 
Fertilization Trials 
  Based on cryoprotectant toxicity studies, methanol and glycerol were chosen as 
cryoprotectants for cryopreservation of bluegill sperm (Fig. 4-11). Initial motility was 50 ± 8%.  
Post-thaw motility of bluegill sperm cryopreserved with methanol was 33 ± 21% and with 
glycerol was 4 ± 4%.  Fertilization with green sunfish eggs was 80 ± 9% for the fresh control, 16 
± 24% for sperm frozen with methanol, and 7 ± 7% for sperm cryopreserved with glycerol.  No 
significant correlations (P > 0.05) among motility before freezing, post-thaw motility, and 
fertilization were found (Table 4-1).  
Dimethyl sulfoxide and dimethyl acetamide were chosen for cryopreservation of green 
sunfish sperm (Fig. 4-12).  Initial motility was 60 ± 8%.  Post-thaw motility of green sunfish 
sperm cryopreserved with dimethyl sulfoxide was 14 ± 13% and with dimethyl acetamide  
12 ± 12%.  Sperm cryopreserved with dimethyl sulfoxide and dimethyl acetamide had 
significantly lower motility than initial motility.  Fertilization success with green sunfish eggs 
was 34 ± 16% for the fresh control sperm, 15 ± 12% for sperm frozen with dimethyl sulfoxide, 
and 10 ± 10% for sperm frozen with dimethyl acetamide.  Post-thaw motility was significantly 
correlated with fertilization (Table 4-2). 
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Figure 4-9.  Duration of motility (percent) of bluegill Lepomis macrochirus sperm activated with 
 deionized water. Cryopreserved sperm were frozen with 10% methanol and were thawed 






















































Figure 4-10.  Duration of motility (percent) of green sunfish Lepomis cyanellus sperm activated 
with deionized water.  Cryopreserved sperm were frozen with 10% dimethyl sulfoxide 




These experiments enabled the development of methods for refrigerated and frozen 
storage of sperm of bluegill and green sunfish.  Artificial spawning of sunfish has previously 
involved stripping undiluted sperm and immediately mixing it with eggs (Smitherman and Hester 
1962, Brunson and Robinnette 1987).  Undiluted sperm of bluegill yields no fertilization 5 min 
after collection (Childers 1967), which requires careful timing in artificial spawning.  Extenders 
have been used to store sunfish sperm such as 0.12M potassium chloride (KCl) (Terner and 
Korsch 1963), 8 g per L sodium chloride (NaCl) (Wills et al. 1994), and a solution of 14mM 
NaCl and 18 mM KCl (Porter 1997).  Hanks’ balanced salt solution has been used as an extender 
for sperm of fish (Wayman and Tiersch 2000).  Based on activation experiments in this chapter, 
sperm of bluegill and green sunfish should be stored in extenders of 300 mOsmol per kg.  This 
value is higher than the osmotic pressure necessary to hold sperm in a non-motile state because 
there can be a reduction of 10 mOsmol per kg when testis and sperm are added to extenders 
(Bates et al. 1996).  Sperm should be activated with solutions with an osmotic pressure of 80 
mOsmol per kg or less.   
Storage of sperm of sunfishes in extenders has received little attention.  Sperm can be 
stored for 12 h in 8 g per L NaCl (Wills et al. 1994) and for 24 h in 0.12 M KCl (Terner and 
Korsch 1963).  These storage studies used extenders in experiments of less than 24 h.  In the 
present study, sperm of bluegill and green sunfish maintained motility in HBSS at 4 C for up to 
10 d.  There were significant declines in motility after one day of storage, indicating that sperm 




























Figure 4-11.  Effect of cryopreservation on bluegill Lepomis macrochirus sperm motility (clear 
bars), and fertilizing ability with green sunfish eggs (shaded bars) (mean ± SD).  Values 
shown for fresh motility are from sperm of bluegill before cryopreservation and values 
shown for fresh fertilization are from a green sunfish Lepomis cyanellus male not used in  
































Figure 4-12.  Effect of cryopreservation with dimethyl sulfoxide and dimethyl acetamide on 
green sunfish Lepomis cyanellus sperm motility (clear bars) and fertilizing ability with 
green sunfish eggs (shaded bars) (mean ± SD).  Values shown for fresh motility are from 
sperm of green sunfish before cryopreservation and values shown for fresh fertilization 
are from a green sunfish male not used in cryopreservation studies 
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Table 4-1.  Relationships between percentages motility before freezing, post-thaw motility, and 
fertilization of cryopreserved sperm of bluegill Lepomis macrochirus.  Correlations were 
considered significant at P < 0.05. 
Variables Pearson’s Correlation coefficient (r) P-value 
Motility before freezing 
vs. Post-thaw motility 
-0.12915 0.7405 
   
Motility before freezing  
vs. Fertilization 
0.15433 0.6918 







Table 4-2.  Relationships between percentages of motility before freezing, post-thaw motility, 
and fertilization of cryopreserved sperm of green sunfish Lepomis cyanellus.  
Correlations were considered significant at P < 0.05. 
Variables Pearson’s Correlation coefficient (r) P-value 
Motility before freezing  
vs. Post-thaw motility 
0.07767 0.7749 
   
Motility before freezing  
vs. Fertilization 
0.32126 0.3086 
   




 Dimethyl sulfoxide is a common cryoprotectant for sperm of freshwater fish (Horton and 
Ott 1976) and is the cryoprotectant of choice for sperm of striped bass Morone saxatilis (Kerby 
1983, Jenkins-Keeran and Woods 2002). Methanol is one of the cryoprotectants least toxic 
compounds to fish sperm (Leung and Jamieson 1991), and is the cryoprotectant of choice for 
channel catfish Ictalurus punctatus (Tiersch et al. 1994) and blue catfish Ictalurus furcatus (Lang 
2001).  Despite the success of these cryoprotectants with the species mentioned above, several 
cryoprotectants should be evaluated for use with each species (Leung and Jamieson 1991).  
Based on results of this study, methanol should be used as a cryoprotectant for bluegill sperm, 
and dimethyl sulfoxide should be used as a cryoprotectant for green sunfish sperm.  These results 
concur with reports of other authors that cryopreservation protocols should be developed for 
each species of fish studied (Leung and Jamieson 1991).  Future studies should investigate the 
effects of different concentrations of cryoprotectants effects on sperm motility and the effects of 
different cryoprotectants on the fertilizing ability of sperm.    
Temperatures of 35-40 C are recommended for thawing of cryopreserved fish sperm  
(Leung and Jamieson 1991), and straws should be thawed in the shortest time possible (Horton 
and Ott 1976).   Thawing sperm of bluegill and green sunfish in a 40 C water bath for 7 s yielded 
the highest motility of all methods evaluated in this study.  These results agree with earlier 
recommendations for thawing fish sperm.  Sperm of bluegill and green sunfish thawed in 0.5-mL 
straws should be thawed at 40 C for 7 s. 
 The duration of motility of cryopreserved sperm can be shorter than that of non-frozen 
sperm of the same species (Stoss 1983).  Motility of non-frozen sperm of bluegill and green 
sunfish lasted for 2 min, but motility of cryopreserved sperm continued for only 1 min.  The 
duration of motility of non-frozen sperm agrees with earlier reports on pumkinseed Lepomis 
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gibbosus that motility lasted for 2 min after activation (Formicki 1997).  Based on results in this 
chapter, sperm of bluegill and green sunfish should be allowed 5 min to activate eggs before 
adding excess water for incubation.  
 Preliminary studies on cryopreservation of sperm of coppernose bluegill Lepomis 
macrochirus purpurescens reported that methanol yielded the highest post-thaw motility (Lang 
et al. 2001).  There have been no other accounts of cryopreservation of sunfish sperm. 
Cryopreserved sperm of bluegill and green sunfish fertilized green sunfish eggs with results 
similar to those of coppernose bluegill mentioned above.  Differences in the cryoprotectants used 
and the fertilization success of bluegill and green sunfish sperm show that cryopreservation 
protocols should be developed for sperm of each species (Gwo et al. 1991).   
 Short-term storage of sperm allows for collection of sperm before the collection of eggs.  
Motility is a simple way to gauge sperm quality, so motility of sperm can be estimated before 
fertilization.  Previous sunfish spawning experiments by researchers that did not evaluate sperm 
motility used sperm of three males to insure eggs would be fertilized (Smitherman and Hester 
1962).  It should be noted that a 1000-fold dilution of sperm with activation solution is 
recommended for 100% activation of sperm of freshwater fishes (Billard and Cosson 1992).  
Such dilutions were not practical in the experiments conducted in this study.  Activation 
experiments determined which osmotic pressures allowed for the optimum activation of sperm to 
fertilize eggs under the conditions encountered during artificial spawning of sunfishes.  Even 
though optimum condition of refrigerated sperm occurs on the day of collection, sperm motility 
can be maintained for days. 
 Despite its common use as an indicator, motility may not be a good predictor of 
fertilizing ability of sperm (Kerby 1983), which could explain the lack of significant correlation 
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between motility and fertilization in this study, except in the case of post-thaw motility and 
fertilization with green sunfish.  The small sample sizes used in the fertilization trials (3 spawns 
for bluegill and green sunfish) could also have contributed to the lack of correlation.  Motility of 
sperm of freshwater fishes is difficult to measure because sperm usually are not completely 
mixed with activation solutions, sperm motility can cease after 15 s, and sperm usually are not 
adequately diluted as they would be in nature (Billard and Cosson 1992).  There are also no 
standard methods to measure motility, so the values reported can lack consistency among 
researchers.  Further research on sperm motility should establish an effective, standard procedure 
to measure motility and determine the relationship of motility to viability and fertilizing ability. 
 Fish sperm have been cryopreserved using dairy protocols (Roppolo 2000, Lang 2001), 
and the cryopreservation of sperm of bluegill and green sunfish can also be accomplished using 
dairy protocols.  Commercial-scale dairy cryopreservation of fish sperm is more efficient than 
research-scale cryopreservation in the laboratory.   Automated straw fillers can fill hundreds of 
straws in minutes, which is not possible when filling straws by hand with a syringe.  This also 
helps decrease the time of exposure of cryoprotectants, and therefore toxicity, to sperm before 
freezing.  Automated straw-labelers like those used for dairy bull sperm allow for effective 
labeling of straws, which is not possible in some laboratory settings.  Also sperm can be stored at 
dairy cryopreservation facilities and be provided upon request.  This research developed methods 
of storage of sunfish sperm, which can assist in the production of hybrid sunfishes through the  
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CHAPTER 5:  HYBRIDIZATION OF TWO SUB-SPECIES OF BLUEGILL WITH GREEN SUNFISH 
THROUGH CRYOPRESERVATION 
 
Sunfishes of the genus Lepomis have been cultured in the United States for sport fishing 
for the past 50 years (Brunson and Morris 2000).  Sunfishes can hybridize in nature (Bailey and 
Lagler 1938) and artificial spawning has yielded hybrids of sunfishes that accept formulated 
feed, tolerate low dissolved oxygen, have high marketability (Wills et al. 1994), and yield a high 
male-to-female ratio, which limits undesired reproduction (Childers 1967).  All of these 
characteristics make hybrid sunfishes suitable candidates for food fish aquaculture (Avault 
1996).  The green sunfish Lepomis cyanellus (female) × bluegill Lepomis macrochirus has been 
the most studied hybrid sunfish in the past 15 years.   
 Sunfishes have been artificially spawned by stripping eggs and sperm, mixing gametes 
and adding water to fertilize the eggs  (Childers 1967, Brunson and Robinnette 1987).  
Hormones also can be injected to induce ovulation of female sunfishes (Banner and Hyatt 1975, 
Sneed and Dupree 1961).  Storage of sperm has received little attention in research.  In early 
studies, sperm were not diluted with extenders, which allowed only 5 min after stripping to 
fertilize eggs (Childers 1967).  However, sperm of fish can be stored for days if diluted in the 
appropriate extender and refrigerated at 2 C to 9 C.  (Stoss 1983).   Sperm collected in this study 
were suspended in Hanks’ balanced salt solution (HBSS) and stored for short periods of time at 4 
C until used. 
Long-term storage of sperm is possible with cryopreservation.  Cryoprotectants allow 
cells to survive freezing (Leung 1991), but the compounds used can be toxic, so optimum 
concentrations of cryoprotectants should be chosen for the sperm of each species (Wayman and 
Tiersch 2000).  Cryoprotectant toxicity studies evaluate the effect on sperm motility of exposure 
of sperm to cryoprotectants for the expected period of time that will elapse between the addition 
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of cryoprotectants and the intiation of freezing (Horton and Ott 1976).  Cryopreservation of 
sunfish sperm in this study was done at the Louisiana State University T. E Patrick Dairy 
Improvement Center using methods for the cryopreservation of dairy bull sperm (Genex Inc., 
Baton Rouge, Louisiana).  Motility and fertilizing ability of sperm were used to evaluate 
cryopreservation. 
 Coppernose bluegill Lepomis macrochirus purpurescens is a subspecies of bluegill, 
native to Florida (Hubbs and Allen 1943), that has been introduced into lakes throughout the 
United States (Henry 1973).  Coppernose bluegill are thought by fishery managers to be superior 
to bluegill as a sport fish (Prentice and Schlethte 2000).  However, bluegill and coppernose 
bluegill were found to have similar cold tolerance in indoor tanks (Sonski, et al. 1988), and 
similar growth, survival, and susceptibility to angling in ponds (Prentice and Schlethte 2000).   
There has been limited research on the hybrid of green sunfish × coppernose bluegill, but 
the law in Louisiana has recently been changed to permit aquaculture of coppernose bluegill and 
hybrid sunfishes (R.S. 56, §412, 2000).  The goal of the research presented in this chapter was to 
optimize methods for cryopreservation of bluegill and coppernose bluegill sperm to assist in the 
production of hybrid sunfishes.  Specific objectives were to: 1) evaluate five concentrations of 
five cryoprotectants on sperm motility; 2)  evaluate the cryoprotectant effect of each compound, 
and 3) compare cryopreserved sperm of bluegill and coppernose bluegill by fertilizing eggs of 
the same green sunfish with cryopreserved sperm from each species.   
Materials and Methods 
Bluegill and green sunfish were collected and identified as described in Chapter 4.  
Coppernose bluegill were distinguished from bluegill by the appearance of a white bar across the 
nape of breeding males and the reddish appearance of the fins (Hubbs and Allen 1943).  
57 
Coppernose bluegill were obtained from Suttle Fish Farm, Laurel, Mississippi.   The fish were 
held in the recirculating systems described in Chapter 4 and the in cages described in Chapter 3.  
Sperm were collected and sperm motility was estimated as described in Chapter 4.  Green 
sunfish eggs were collected and fertilized as described in Chapter 4.  Egg hatch was recorded as 
the percentage of eggs that developed into fry after 36 hours.  The water in each hatching bowl 
was changed at least twice before the eggs hatched. 
Cryoprotectant Toxicity 
 Sperm from five bluegill and five coppernose bluegill were exposed to five 
concentrations of five cryoprotectants.  Sperm were exposed to 5%, 10%, 15%, 20%, and 25% 
final concentrations of the following chemicals:  methanol (HPLC grade, Fisher Chemical 
Corporation, Fair Lawn, New Jersey, Lot number 011567); dimethyl sulfoxide (99.5% pure, 
Sigma, Saint Louis, Missouri, Lot number 129H0068); dimethyl acetamide (>99% pure, Sigma, 
Lot number 59H3635); glycerol (Certified A.C.S., Fisher, Lot number 992724), and propylene 
glycol (P-1009, Sigma, Lot number 49H0439). Cryoprotectants were diluted 1:1 with HBSS 
before addition to sperm.  Diluted cryoprotectants were added to sperm to a final volume of 100 
µL, which yielded the desired concentration of cryoprotectant.  Each sample was placed in a 1.5-
mL plastic centrifuge tube.  The tubes were placed on a test tube rack on top of an ice pack.  
Motility was estimated (SOP-4) at 10-min intervals for 30 min. 
Cryopreservation 
 Sperm from five bluegill and five coppernose bluegill were cryopreserved at the 
Louisiana State University T. E Patrick Dairy Improvement Center using methods for 
cryopreservation of dairy bull sperm (Chapter 4) (SOP-6).  Two days after freezing, one straw of 
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sperm from each fish, that had been preserved in each of the cryoprotectants, was thawed in a 40 
C water bath for 7 sec and sperm motility was estimated (SOP-5). 
 Sperm of each male was used to fertilize green sunfish eggs.  Eggs were divided into six 
treatment groups of about 100 eggs each.  One treatment group was fertilized with 0.5-mL of 
sperm from a male bluegill or coppernose bluegill not used in the cryopreservation studies, to 
serve as an egg quality control.  The remaining five treatment groups were fertilized with one 
straw of sperm (0.5-mL) from each male, that had been cryopreserved with each of the five 
cryoprotectants.   
Comparison of Bluegill and Coppernose Bluegill 
 Sperm were collected from four bluegill and four coppernose bluegill.  Sperm were 
exposed to 5%, 10%, and 15% final concentrations of propylene glycol and motility was 
estimated at 15-min intervals for 30 min.   Sperm from each subspecies were cryopreserved with 
the same concentration of propylene glycol, based on the results of the toxicity study.  After 2 d, 
one straw per fish was thawed in a 40 C water bath for 7 sec.  Motility was estimated as 
described above.  Bluegill and coppernose bluegill with similar post-thaw motilities were paired 
for fertilization of the same female.  Eggs were divided into 6 treatment groups (about 100 eggs 
each) with two controls, one bluegill and one coppernose bluegill (neither used in the 
cryopreservation study), and two replicates each or cryopreserved sperm from bluegill and 
coppernose bluegill.  Fertilization and egg hatch were recorded as described above. 
Statistical Analysis 
 All data expressed as percentages (motility, fertilization, and hatch) were arcsine-square 
root transformed prior to analysis.  Statistical analyses were done using SAS software for 
microcomputers (Version 8.2e, Cary, North Carolina).  One-way ANOVA was used to test each 
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cryoprotectant’s effect on sperm motility over time.  Duncan’s multiple range test was used to 
separate significantly different means at different each time within a cryoprotectant treatment.  
Differences were considered significant at P < 0.05.  Pearson’s correlation coefficients were 
calculated for all combinations of: 1) motility before freezing, 2) post-thaw motility, 3) 
fertilization, and 4) hatch.  Correlations were considered significant at P < 0.05.  One-way 
ANOVA was used to determine if significant differences in motility before thawing, post-thaw 
motility, fertilizing ability, or egg hatch existed between bluegill and coppernose bluegill that 
might affect their ability to produce hybrids with green sunfish.  When significant differences 
were indicated, significantly different means were separated with Duncan’s multiple range test.   
Results 
Cryoprotectant Toxicity 
 In all cases, there were concentration-dependent effects of cryoprotectants on sperm  
motility (Figures 5-1 through 5-5).  All cryoprotectants at a concentration of 25% reduced sperm 
motility to 0% after 30 min of exposure.  The optimum concentration of cryoprotectants chosen 
for bluegill and coppernose bluegill sperm (Table 5-1) was the highest concentration of each 
compound that produced the smallest decrease in motility after 30 min.  With the exception of 
glycerol, all of the concentrations of cryoprotectants for later use had no significant effect on 
sperm motility after 30 min. 
Cryopreservation 
 Initial motility of cryopreserved bluegill sperm (Figure 5-6) was 69 ± 12% 
(mean ± SD).  Post-thaw motilities were 35 ± 13% for sperm cryopreserved with methanol, 15 ± 
























Figure 5-1.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to five  




















































Figure 5-2.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to five  




























































Figure 5-3.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to five 




























































Figure 5-4.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to five 




























































Figure 5-5.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to five 









































Table 5-1.  Cryoprotectants chosen for cryopreservation of bluegill and coppernose bluegill 
sperm based on cryoprotectant toxicity studies. 
  Cryoprotectant concentration 
Cryoprotectant Figure Bluegill Coppernose bluegill 
Methanol 5-1 15% 10% 
Dimethyl sulfoxide 5-2 5% 5% 
Dimethyl acetamide 5-3 10% 5% 
Glycerol 5-4 10% 5% 
Propylene glycol 5-5 10% 5% 
 
glycerol, and 0% with dimethyl acetamide.   Fertilization of green sunfish eggs was 53 ± 7% 
with fresh sperm (egg quality control), 30 ± 12% with sperm cryopreserved with methanol,  
43 ± 10% with propylene glycol as the cryoprotectant, 22 ± 16% with dimethyl sulfoxide, 5 ± 
5% with glycerol, and 0% with dimethyl acetamide.  Egg hatch of green sunfish × bluegill hybrid 
sunfish was 44 ± 11% with fresh sperm, 15 ± 4% with methanol, 30 ± 7% with propylene glycol, 
15 ± 16% for dimethyl sulfoxide, <1% for glycerol, and 0% for dimethyl acetamide.   
Post-thaw motility was significantly correlated with fertilization and hatch.  Fertilization was 
also significantly correlated with hatch (Table 5-2).  
Initial motility of cryopreserved coppernose bluegill sperm (Figure 5-7) was 79 ± 17%.  
Post -thaw motilities were 33 ± 16% for sperm cryopreserved with methanol, 29 ± 16% with 
dimethyl sulfoxide as the cryoprotectant, 24 ± 4% with propylene glycol, 18 ± 9% with dimethyl 
acetamide, and 2 ± 2% with glycerol.  Fertilization with green sunfish eggs was 62 ± 12% with 
fresh sperm 29 ± 8% with sperm cryopreserved with methanol, 50 ± 17% for propylene glycol as 
the cryoprotectant, 26 ± 21% with dimethyl sulfoxide, 22 ± 21% for glycerol, and 23 ± 20% with 
dimethyl acetamide.  Egg hatch of green sunfish × coppernose bluegill hybrid sunfish was  
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58 ± 16% with fresh sperm, 25 ± 4% with methanol, 39 ± 18% with propylene glycol, 24 ± 22% 
with dimethyl sulfoxide, 22 ± 16% with glycerol, and 15 ± 16% with dimethyl acetamide.  
Fertilization was significantly correlated with hatch (Table 5-3). 
Comparison of Bluegill and Coppernose Bluegill 
 Motility of bluegill sperm exposed to 5% propylene glycol was 75 ± 4% and declined to 
63 ± 13% after 30 min.  Motility of coppernose bluegill sperm was 70 ± 18% and declined to 48 
± 21% after 30 min after exposure to the same compound.  Motility of bluegill sperm exposed to 
10% propylene glycol for 30 min declined from 69 ± 18% to 40 ± 15%, and motility of 
coppernose bluegill sperm declined from 48 ± 21% to  28 ± 23%.  Motility of bluegill sperm 
exposed to 15% propylene glycol for 30 min was 41 ± 13% and declined to 10 ± 8%, while 
coppernose bluegill sperm declined from 23 ± 13% to 4 ± 2% motility after 30 min exposure to 
15% propylene glycol (Figure 5-8).  Based on these results, 5% propylene glycol was chosen for 
cryopreservation of bluegill and coppernose bluegill sperm. 
 Sperm of bluegill were 76 ± 11% motile before freezing, and 29 ± 10% motile after 
cryopreservation and thawing (Fig. 5-9).  Fertilization success of green sunfish eggs was 60 ± 
13% with non-frozen bluegill sperm, and 49 ± 25% with cryopreserved sperm.  Egg hatch of 
green sunfish x bluegill hybrid sunfish was 43 ± 18% with non-frozen sperm and 36 ± 24% with 
cryopreserved sperm. Sperm of coppernose bluegill yielded 68 ± 17% motility before freezing 
and 24 ± 18% motility after cryopreservation and thawing.  Fertilization of green sunfish eggs 
was 55 ± 29% with non-frozen coppernose bluegill sperm, and 32 ± 15% with cryopreserved 
sperm.  Egg hatch of green sunfish × coppernose bluegill hybrid sunfish was 50 ± 28 % with 











Figure 5-6.  Effect of five cryoprotectants on bluegill Lepomis macrochirus sperm motility 
(percent) after thawing (clear bars), egg fertilizing ability (gray bars), and egg hatching 
success (black bars) (mean ± SD).  Fertilization and hatching success with fresh sperm 














Figure 5-7.  Effect of five cryoprotectants on coppernose bluegill Lepomis macrochirus 
purpurescens sperm motility (percent) after thawing (clear bars), egg fertilizing ability 
(gray bars), and egg hatching success  (black bars) (mean ± SD).  Fertilization and 




































Table 5-2.  Relationships between bluegill Lepomis macrochirus sperm motility before freezing, 
post-thaw motility, fertilizing ability, and egg hatch.  Correlations were considered 
significant at P < 0.05. 
Variables Pearson’s Correlation coefficient (r) P-value 
Motility before freezing  
vs. Post-thaw motility 
0.149 0.4772 
   
Motility before freezing  
vs. Fertilization 
0.0259 0.9066 
   
Motility before freezing  
vs. Hatch 
0.0565 0.7979 
   
Post-thaw motility  
vs. Fertilization 
0.80402 <0.0001 
   
Post-thaw motility  
vs. Hatch 
0.70631 0.0002 





Table 5-3.  Relationships between coppernose bluegill Lepomis macrochirus purpurescens 
sperm  motility before freezing, post-thaw motility, fertilizing ability, and egg hatching 
success.  Correlations were considered significant at P < 0.05. 
Variables Pearson’s Correlation coefficient (r) P-value 
Motility before freezing  
vs. Post-thaw motility 
0.07932 0.7126 
   
Motility before freezing 
vs. Fertilization 
-0.29685 0.2316 
   
Motility before freezing 
vs. Hatch 
-0.42912 0.0756 
























Figure 4-8. Effect of three concentrations of propylene glycol on bluegill (BG, square points) 






Figure 5-8.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (gray bars) 
and coppernose bluegill Lepomis macrochirus purpurescens (black bars) exposed to three  





































Figure 5-9.  Effects of 5% propylene glycol on bluegill Lepomis macrochirus and coppernose 
bluegill Lepomis macrochirus purpurescens sperm motility after thawning (clear bars), 
egg fertilizing +ability (gray bars), and egg hatching success (black bars) (mean ± SD).  
Fertilization and hatching success with fresh sperm were from males not used in 
cryopreservation studies. 
 
differences between the subspecies with regard to sperm motility before freezing (P = 0.4704), 
post-thaw motility (P = 0.5841), egg fertilizing ability (P = 0.1351), or egg hatching success 
(P = 0.1133). 
Discussion 
 Results of this study assisted in the development of better methods for cryopreservation 
of the sperm of bluegill and coppernose bluegill to produce hybrid sunfish.  The biological 
effectiveness of cryopreserved sperm of bluegill and coppernose bluegill was determined by 
pairing males for fertilization with the same green sunfish female to allow direct comparison of 
potential differences between species.   
Cryoprotectants can have toxic effects on sperm as concentrations increase (Leung 1991).  
















(Lang et al. 2001) and bluegill (Chapter 4).  In the present study, the decline in sperm motility 
during exposure to cryoprotectants and the dose dependent effects of cryoprotectant 
concentrations on motility were possibly due to toxicity of the cryoprotectants.  The lower 
toxicity of methanol during 30 min exposure allowed this cryoprotectant to be used at higher 
concentrations than other cryoprotectants tested.  The results of this Chapter suport preliminary 
research  with coppernose bluegill (Lang et al. 2001) (Chapter 4), that methanol was the 
cryoprotectant least toxic to sperm (Leung 1991). 
Methanol has been used successfully to cryopreserve sperm of blue catfish Ictalurus 
furcatus (Lang 2001), channel catfish Ictalurus punctatus (Tiersch et al. 1994), and zebrafish 
Branchydanio rerio (Harvey et al. 1982).  In this study sperm cryopreserved with methanol 
yielded the highest post-thaw motility, and sperm cryopreserved with propylene glycol yielded 
the highest fertilization and hatching rates with green sunfish eggs.   
Results of this study and previous reports suggest that motility before freezing may not be 
a good indicator of fertilizing ability of cryopreserved sperm.  .Sperm of striped bass Morone 
saxatilis that yielded no post-thaw motility yielded 88% fertilization (Kerby 1983), which agrees 
with findings in the present study that motility is not always a good indicator of fertilizing 
ability.  Motility of sperm before freezing was not correlated with fertilization in the present 
experiments or in those reported in Chapter 4.  The main goal of cryopreservation of sperm is to 
fertilize eggs (Gwo et al. 1991, Leung and Jamieson 1991).  Based on the present study, 
propylene glycol would be the cryoprotectant of choice for sperm of bluegill and coppernose 
bluegill.   Future research should determine the sperm-to-egg ratios of cryopreserved sperm that 
would yield fertilization similar to that of non-frozen sperm (Ciereszco et al. 1993). 
73 
 Although coppernose bluegill are thought by fishery managers to be superior to bluegill 
(Prentice and Schlethte 2000), few studies have compared performance of the two sub-species.  
The only such study with coppernose bluegill hybrid sunfish found that the green sunfish 
(female) × coppernose bluegill hybrid was faster growing and more vulnerable to angling than 
were hybrids of redear Lepomis microlophus × green sunfish and redear × coppernose bluegill 
(Crandall and Durocher 1979).  There have been no comparisons of the ability of cryopreserved 
sperm of bluegill and coppernose bluegill to produce hybrids with green sunfish.  The present 
study found that cryopreserved sperm of both subspecies was effective in producing hybrid 
sunfishes. 
 Coppernose bluegill have gained popularity as a sport fish and have been stocked 
throughout the United States (Henry 1973).  Hybrid offspring of green sunfish x coppernose 
bluegill have been reported to be 66% to 78% male (Crandall and Durocher 1979), which is 
lower than the 97% male reported for green sunfish × bluegill hybrids (Childers 1967).  A 
particular hybrid cross can be suited for aquaculture in one region and not in another region 
(Dupree and Huner 1987). Climate, water quality, genetic factors, and the types of other species 
cultured can contribute to the performance of particular hybrids (Crandall and Durocher 1979), 
thus different hybrids, such as the green sunfish × bluegill and the green sunfish × coppernose 
bluegill, should be evaluated for their performance in different geographic areas.  
Artificial spawning of sunfishes allows larvae to be reared in tanks, where harvest of 
fingerling fish is more efficient than harvest from ponds (Brunson and Morris 2000).  
Cryopreservation of sperm can make artificial spawning more efficient (Cierszko et al. 1993). 
This Chapter found that green sunfish × coppernose bluegill hybrids and green sunfish × bluegill 
74 
hybrids can be produced with cryopreserved sperm.  Comparisons of these two hybrids are 
needed to identify the better performing fish for a particular area.   
Louisiana law previously would not allow the culture of sunfishes to total lengths greater 
than 7.6 cm (R.S. 56, §327.1, 1997).  The law was intended to prevent poaching of native sport 
fish for sale.  In the year 2000, the law changed to allow culture of  coppernose bluegill and two 
hybrid crosses of sunfish as food (>7.6 cm total length) (R.S. 56, §412, 2000).  Though wild 
sunfish hybrids exist in nature, identification of a particular hybrid cross from the wild is not 
possible without the use of molecular genetics techniques.  The new law promotes both culture 
of sunfish as food fish and protection of native sunfishes from poaching.  Sunfishes can also 
serve as an alternative crop for commercial fish producers in Louisiana, whose products are 
subject to low prices, unpredictable markets, and foreign competition.  Because coppernose 
bluegill can now be cultured in Louisiana, the green sunfish x coppernose bluegill hybrid can be 
evaluated under Louisiana culture conditions.  This study is the first evaluation of the green 
sunfish x coppernose bluegill hybrid in Louisiana; more research is needed to determine if this 
hybrid is suitable for culture systems in the state.  The research represented by this Chapter 
shows that cryopreservation can be used to produce hybrid sunfishes, and that cryopreserved 
sperm of bluegill and coppernose bluegill are equally effective in producing hybrid sunfish.   
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CHAPTER 6:  SUMMARY AND CONCLUSIONS 
 Sunfishes of the genus Lepomis have been cultured for the past 50 years, mainly for sport 
fishing (Brunson and Morris 2000).  Hybrids of some sunfishes have been identified as 
candidates for aquaculture.  Sunfishes can be spawned by injecting hormones, and stripping and 
mixing gametes for fertilization.  Cryopreservation of sperm can allow flexibility in artificial 
spawning, eliminating the need to collect sperm and eggs simultaneously.   
 Chapter 3 addressed the conditioning of sunfishes to spawn in cages in heated ponds.  
Fish held in cages ate formulated feed and fish in heated ponds grew during the conditioning 
period.  This growth was undoubtedly related to availability of natural food and warm 
temperatures conducive to growth.  Fish in heated ponds did not spawn on artificial nests and 
fish in an unheated pond spawned on one artificial nest.  Eggs collected during artificial 
spawning were used for the fertilization experiments described in Chapter 5 and sperm collected 
were used in cryopreservation studies (Chapters 4 and 5).  Cage culture of sunfishes allows more 
efficient collection of broodstock, conditioning of sunfishes for spawning, multiple uses of the 
pond, and holding of broodstock without controlling environmental variables, such as 
photoperiod. 
Chapter 4 of this Thesis addressed development of basic methods for refrigerated storage 
and cryopreservation of sperm of bluegill Lepomis macrochirus and green sunfish Lepomis 
cyanellus.  Populations of green sunfish (female) x bluegill hybrid can be 97% male (Childers 
1967), which limits reproduction in pond culture.  This also hybrid has been shown to be tolerant 
of low dissolved oxygen (Wills et al. 2000) and to be vulnerable to angling (Brunson and 
Robinette 1986).  These two species were chosen for the research reported here because the 
majority of research on hybrid sunfishes has been done with crosses of green sunfish x bluegill, 
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and they could be collected by hook and line from a 6.9-ha reservoir at the Louisiana State 
University Aquaculture Research Station.  Earlier artificial spawning experiments were done by 
simultaneous stripping of sperm and eggs (Figure 6-1), and immediate mixing of the gametes 
(Childers 1967, Brunson and Robinette 1987).  Refrigerated storage and cryopreservation of 
sperm allows sperm to be collected and stored before collection of eggs (Figure 6-2), which 
allows producers to focus on the collection of eggs. Cryopreservation of sperm can allow for 
long-term storage of sperm, and offers a method of conserving genetic material of valuable lines 
of broodstock.   
Chapter 5 addressed the improvement of methods for cryopreservation of sperm of 
bluegill and coppernose bluegill Lepomis macrochirus purpurescens to produce hybrids with 
green sunfish.  Coppernose bluegill are thought by fishery managers to be superior to bluegill, 
but there are few comparisons of the two species (Prentice and Schlette 2000).  Cryoprotectant 
toxicity studies helped determine the appropriate concentrations of five cryoprotectants for use in 
cryopreservation.  Methanol had the least effect on sperm motility, and yielded the highest post-
thaw motility.  However, sperm cryopreserved with propylene glycol yielded the highest 
fertilization and egg hatching rate.  There were no significant differences between bluegill and 
coppernose bluegill sperm in their post-thaw motilities, fertilization success, or egg hatching 
rates with green sunfish eggs.  Sperm of bluegill and coppernose bluegill cryopreserved with 5% 
propylene glycol were effective in fertilizing green sunfish eggs.  The only report of hybrid 
sunfishes produced with coppernose bluegill compared sport fishing characteristics of green 
sunfish x coppernose bluegill, redear Lepomis microlophus x coppernose bluegill, and green 
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Figure 6-1.  Diagram of steps in traditional artificial spawning to produce green sunfish 
 Lepomis cyanellus x bluegill Lepomis macrochirus hybrids.  Eggs and sperm are not 
 stored in extenders so they must be collected at the same time, allowing little margin for   
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Figure 6-2.  Diagram of steps in artificial spawning of green sunfish Lepomis cyanellus with 
cryopreserved sperm to produce green sunfish x bluegill Lepomis macrochirus hybrids.  
Sperm can be  collected and stored before collection of eggs.  Dilution in extenders can 
allow sperm to remain viable for days if stored at 4 C.  Cryopreserved sperm can be  




report is the first comparison of cryopreservation of sperm of bluegill and coppernose bluegill to 
produce hybrids with green sunfish.   
Additional research is needed for hybrid sunfishes to become an aquaculture product 
(Table 6-1).  Sperm-to-egg ratios should be evaluated because a greater volume of cryopreserved 
sperm may be required to fertilize eggs with the same success as fresh sperm (Ciereszco et al. 
1993).  Optimal methods of larval rearing of sunfishes should be identified.  Appropriate feeding 
methods and culture systems for sunfish larvae have received little research attention, and should 
be investigated.  Because of genetic variation in different populations of sunfishes, hybrids of 
particular strains should be evaluated to fit the production needs and culture systems of 
commercial producers.  Although hybrid sunfishes reproduce at a slower rate than parental 
species (Wills et al. 2000), several hybrid sunfishes have been shown to reproduce in ponds 
(Childers 1967, Crandall and Durocher 1979).  Sterile hybrid sunfishes could be managed in a 
pond without reproducing, and carnivorous species such as largemouth bass Micropterus 
salmoides, would not be needed to limit sunfish reproduction.  
 Polyploidy is a condition in which an organism possesses more than the normal two sets 
of chromosomes (2N).  Polyploid organisms with odd numbers of sets of chromosomes (e.g. 3N) 
are functionally sterile (Bond 1996).  Polyploidy can be induced in hybrid sunfishes (Wills et al. 
2000).  Research on efficient production of polyploid fish should be done. Marketing research 
also should be conducted with any species before production (Avault 1996).  Some potential 
markets for sunfishes are as food, for sport fishing, or for use in fee-fishing operations where 
customers pay by the pound or by the number of fish caught. 
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Table 6-1.  Research needs for various stages of sunfish aquaculture. 
 
Production cycle Research needs 
Spawning Optimal sperm-to-egg ratios for cryopreserved sperm to achieve 
fertilization similar to fresh sperm. 
  
Larval rearing Formulated feeds and appropriate culture systems for rearing of larval 
sunfish.   
  
Fingerling production Optimal stocking rates and water quality parameters for various culture 
systems. 
  
Growout Methods of population control or induction of sterility for pond culture. 
  
Marketing Market research to determine the price and amount of product that can 
be sold  
Conditioning of fish in cages permits for use of natural waters or ponds for production of other 
species.  For example, the heated ponds in this study were also used to condition channel catfish.  
Cage culture can provide access to broodstock for artificial spawning without the expense of 
operating a recirculating system or controlling environmental variables.  Artificial spawning 
allows producers to control the time of spawning, assess gamete quality, and cross specific 
strains or species of fish.   
 Cryopreservation has been integrated into the production and improvement of dairy 
cattle.  Use of cryopreservation in the dairy industry grew out of a need for genetic improvement 
(Chandler 2000) and the resulting cryopreservation research has been applied in the development 
of a worldwide industry.  Breeding cooperatives were formed to make high quality dairy bulls 
available to local farmers and artificial insemination allowed one single bull to fertilize many 
cows (Chandler 2000).  Workers at these breeding cooperatives became familiar with handling of 
sperm for artificial insemination, so cryopreservation was applied to the production and genetic 
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improvement of dairy cows (Caffey and Tiersch 2000).  Cryopreservation of dairy bull sperm is 
now an established industry and methods for cryopreservation have been improved with 
technology such as automated straw labelers, automated straw fillers, and bulk freezing of sperm.  
Methods of record keeping have been established to keep track of cryopreserved sperm.  These 
technologies and established methods can be used for the cryopreservation of fish sperm.  As 
with dairy cattle, a need for genetic improvement of cultured fishes could lead to the 
development of commercial cryopreservation of fish sperm.  Cryopreservation of sperm 
eliminates the need to maintain male broodstock, permits long-term storage of sperm, and can be 
used to conserve genetic information from valuable fishes.  The research presented in this thesis 
could help producers to conserve valuable lines of broodstocks, produce hybrid sunfishes with 
cryopreserved sperm, and condition sunfishes for artificial spawning in cages, which in turn 
could contribute to the production of improved sunfishes for aquaculture (Figure 6-3).  
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Improved seedstock for 
aquaculture 
Conditioning of fish in cages 
• Provides accessible broodstock 
• Allows multiple uses of pond 
• Allows evaluation of growth  
Artificial spawning 
• Allows control over  
time of spawning 
• Allows crosses of specific fish 
• Effects of temperature, photoperiod 
and behavior can be evaluated  
 
Cryopreservation 
• Can employ dairy protocols 
• Gamete quality can be evaluated




• Hybrids can be produced with 
cryopreserved sperm 
• Cryopreserved sperm of two 
sub-species of bluegill were 
effective in producing hybrids 
• Additional comparisons of 
hybrids are needed 
 
Figure 6-3.  Schematic for improvement of sunfishes for aquaculture.
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APPENDIX A:  STANDARD OPERATING PROCEDURES 
 





Aerator (air or pure oxygen) 
Salt (Mix-n-Fine Champions Choice, Minneapolis, Minnesota) 
Formalin (37% formaldahyde, Fisher Chemical, Fair Lawn, New Jersey Lot number 001447) 
 
Procedure 
1. Add water to the fish hauler (288-L, Anderson Bait Distribution, Lonoke, Arkansas) 
2. Add salt to a concentration of 5-6 parts per thousand (g/L), about 1.44 kg for the hauler 
used 
3. Aerate water. 
4. Put fish in hauler. 
5. Bring hauler to where fish will be held 
6. Add formalin to a concentration of 165 parts per million (mg/L) about 50 mL for the 
hauler used. 
7. Treat fish for 1 h, checking fish for loss of equilibrium (fish floating on their side) every 
10-15 min. 




Bryan, M.D., J.C. Morris and G.J. Atchison.  1994.  Methods for culturing bluegill in the  
 laboratory.  Progressive Fish Culturist 56:217-221. 
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Dichotomous key (Pages 264-273, Pflieger 1997) 
tricaine (methyl-m-aminobenzoate, MS 222, Argent Laboratories, Redmond, Washington) 




1. Anesthetize fish with tricaine at 150 mg / L. 
2. Remove fish when gill movement slows and fish turns on side or upside down. 
3. Place fish in plastic dish with tank water to keep moist during identification. 
4. Identify characteristics of fish with dichotomous key. 
5. Use pictures of characters in the dichotomous key to help with identification.  
6. Follow key until the species is identified by one of the characteristics. 
7. Green sunfish Lepomis cyanellus are represented by Figure A-2-1. 
8. Coppernose bluegill are keyed as bluegill, but have distinguisning characteristics such as 
a light colored bar above the nose, a reddish appearance to the fins and a yellow or white 
outline around the fringe of the fins (Hubbs and Allen 1947) (Figure A-2-2). 




Hubbs, C. L. and E. R. Allen.  1943.  Fishes of Silver Springs, Florida.  Proceedings of the 
 Florida Academy of Sciences 6:  110-130. 
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Figure A-2-1.  Green sunfish Lepomis cyanellus has an elongate body, green coloration on the 
operculum and a yellowish-orange outline of the fins (Pfleiger 1997).  This specimen was 












































Figure A-2-2.  Pictures showing the differences between bluegill Lepomis macrochirus (a) and 
coppernose bluegill Lepomis macrochirus purpurescens (bottom).  Coppernose bluegill 
have a white bar above the nose and a reddish appearance to the fins (Hubbs and Allen 
1943).  Coppernose bluegill were obtained from Suttle Fish Farm in Laurel, Mississippi.  
Bluegill were collected at the Louisiana State University Aquaculture Research Station.
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Deionized water (Nanopure, Barnstead, Dubuque, Iowa) 
Magnetic stirring bar 
Magnetic strirrer 
Bottle (1-L) 
0.22 µm filter (Corning, Inc. Corning, New York) 
 
Table A-3-1.  Chemicals needed to prepare Hanks’ balanced salt solution at 300 mOsmol/kg. 
 
Ingredient     g/L  
 
NaCl      8.00 
KCl      0.40 
CaCl2 • 2H20     0.16 
MgSO4 • 7H20    0.20 
Na2HPO4     0.06 
KH2PO4     0.06 
NaHCO3     0.35 




1. Place 600 mL deionized water and a magnetic stirrer into a 1-L beaker and place on 
stirring plate. 
2. Add the ingredients listed above and allow them to dissolve. 
3. Measure the osmotic pressure (mOsmol/kg) with a vapor pressure osmometer (Wescor, 
Inc. Logan, Utah). 
4. Dilute the solution with deionized water and stir until osmotic pressure measures 300 
mOsmol/kg. 
5. Store HBSS in a labeled bottle at 4 C in a refrigerator. 




Wayman W.R. and T.R. Tiersch.  2000.  Research methods for cryopreservation of sperm 
 Pages 264-275 in Tiersch, T.R. and P.M. Mazik, editors, Cryopreservation in Aquatic 







SOP-4. COLLECTION OF SPERM 
 
Materials needed: 





1 pint Ziploc freezer bag 
HBSS (SOP-3) 
100-mL glass bottle 
30-µm filter (Corning Inc., Corning, New York) 
50-mL plastic centrifuge tube (Corning Inc., Corning, New York) 
 
Procedure 
1. Select male from which sperm flows from the urogenital pore when gentle pressure is 
applied to the abdomen. 
2. Kill the fish with an overdose (greater than 150 mg/L) of MS-222  
3. Record total length (cm) and fish weight (g). 
4. Open the abdominal cavity using the scalpel and scissors as needed (Figure A-4-1). 
5. Remove testis by clamping the tweezers on the base of the testis.  Avoid contamination 
with blood, feces, or urine.  
6. Record testis weight (g). 
7. Place testis in Ziploc bag with 1-2 mL of HBSS. 
8. Crush testis by rolling 100-mL bottle over testis in Ziploc bag. 
9. Pass testis and sperm suspension through 30-µm filter to remove tissue debris. 
10. Put sperm solution into a labeled 50-mL centrifuge tube. 
11. Dilute sperm to 1 g testis to 20 mL HBSS. 
12. Estimate motility (SOP-5). 




Wayman W.R. and T.R. Tiersch.  2000.  Research methods for cryopreservation of sperm 
 Pages 264-275 in Tiersch, T.R. and P.M. Mazik, editors, Cryopreservation in Aquatic 






























Figure A-4-1.  A picture representing the opening of the body cavity for the collection of sperm 
 of a green sunfish Lepomis cyanellus. 
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SOP-5.  ESTIMATION OF SPERM MOTILITY 
 
Materials needed: 
Microscope (Optiphot-2, Nikon, Japan) 
Glass slide 
Sperm (SOP-4, SOP-6) 
10-µL pipette (set at 2 µL)  
Deionized water (Nanopure, Barnstead, Dubuque, Iowa)  
40-µL pipette (set at 20µL) 
 
Procedure 
1. Set microscope on darkfield and use the 10× objective (100× magnification) 
2. Pipette 2 µL of sperm onto glass slide. 
3. Adjust light and focus to view sperm. 
4. Pipette 20 µL deionized water onto sperm solution and thoroughly mix with pipette tip. 
5. View sperm immediately after mixing with deionized water (within 2-3 sec). 
6. Estimate the percentage of motile sperm.  Motile sperm actively swim forward; sperm 
vibrating in place are not considered to be motile. 




SOP-6.  CRYOPRESERVATION OF SPERM AT THE LOUISIANA STATE UNIVERSITY T. E. 
PATRICK DAIRY IMPROVEMENT CENTER 
 
Materials needed: 
Sperm suspension (SOP-4) 
HBSS (SOP-3) 
50-mL centrifuge tubes (Corning, Inc. Corning, New York) 
Cryoprotectants 
French straws (IMV International, Minneapolis Minnesota) 
Cooler 
Shipping dewar (CP-100, Taylor Wharton, Theodore Alabama). 
 
Procedure 
1. To schedule cryopreservation, contact James Chenevere at 225-578-3292 (Extension 3), 
at least 1 wk prior to intended date of cryopreservation. 
2. Calculate the volume of sperm and cryoprotectant needed to fill appropriate number of  
straws (1 straw = 0.5mL) 
3. Calculate the volume of sperm and cryoprotectant needed for each treatment. 
4. Dilute cryoprotectants 1:1 with HBSS. 
5. Put sperm for each treatment in a 50-mL centrifuge tube. 
6. Put cryoprotectant for each treatment in a 50-mL centrifuge tube. 
7. Put sperm in a cooler with packing material and ice packs.  
8. Fill shipping dewar with liquid nitrogen three or four times. 
9. Take straws, sperm, cryoprotectants, shipping dewar to T.E. Patrick Dairy Improvement 
Center. 
10. Estimated travel time is 10 minutes from the Louisiana State University Aquaculture 
Research Station.  Take a left leaving the front gate, and then a left on LA Highway 30.  
Then go left on Gourrier Ave and the T. E. Patrick Dairy Improvement Center is the last 
research facility on the left.  The address is 2258 Gourrier Aveneue, Baton Rouge, 
Louisiana. 
11. Bring sperm, cryoprotectants, and straws into walk-in cooler.   
12. Label straws (SOP-6). 
13. Cryopreservation is standardized to use 660 straws and dummy straws are 0.5-mL French 
straws filled with whole milk.   Determine how many straws will be frozen (volume of 
sperm and cryoprotectant used divided by 0.5 mL per straw) and determine how many 
dummy straws need to be used (660 – number of straws of sperm frozen). 
14. Set up appropriate number of dummy straws on racks. 
15. Place straws on automated straw filler (MRS 1, IMV International Corp. Minneapolis 
Minnesota). 
16. Add cryoprotectant dilution to sperm and record time.   
17. Fill straws by placing the intake tube in the centrifuge tube holding the sperm and 
cryoprotectant and turning on the straw filler. 
18. Place all straws in freezing chamber and record equilibration time.  
19. Freeze samples. 
20. Plunge samples in liquid nitrogen for storage in the shipping dewar. 
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21. Thaw one straw per treatment at 40 C for 7 sec, 2 d after cryopreservation. 
22. Estimate motility (SOP-5) 









0.5-mL French straws  
 
Procedure 
1. Bring straws to T.E. Patrick Dairy Improvement Center. 
2. Label straws with lot number unit name, species name, cryoprotectant, cryoprotectant 
concentration, extender, extender osmolality, and fish code using an automatic straw 






























 and concentration 
Code 
 
Figure A-7-1.  French straw label.  The lot number is for record-keeping purposes and is 
assigned by personnel at the T. E. Patrick Dairy Improvement Center. This straw 
represents sperm from a bluegill Lepomis macrochirus from the Louisiana State 
University Aquaculture Research Station (LSU-ARS), cryopreserved with 10% 
propylene glycol.  Sperm were suspended in Hanks’ balanced salt solution prepared at 
300 mOsmol/kg.  The fish code is NBG02M16, which is a native bluegill (distinguished 
from non-native bluegill such as coppernose bluegill Lepomis macrochirus 







SOP-8.  COLLECTION AND FERTILIZATION OF GREEN SUNFISH EGGS 
 
Materials needed: 
Synthetic luetenizing hormone-releasing hormone (sLHRH [D-Ala6, Des-Gly10]-LH-RH 
ethylamide), (Peninsula Laboratories, Belmont, California). 
Deionized water (Nanopure, Barnstead, Dubuque, Iowa) 
Bacteriostatic filter (0.22µm) (Corning, Inc., Corning, New York) 
Vacutainer No additive blood collection tube with red tops (10-mL), (Vaccutainer, Becton 
Dickinson, Fair Lakes, New Jersey) 
MS-222 (methyl-m-aminobenzoate, Argent Laboratories, Redmond, Washington)  
1-mL syringes 
25 gauge needles 
HBSS (SOP-3) 
Vacuum-greased Tupperware® bowls 
100-mL glass bowls 
Sperm (SOP-4, SOP-6) 
15 µm filter 
Tank water 
Incubator (Model 1535, VWR Scientific, San Francisco, California) 
Dissecting microscope (Nikon model SMZ-U Japan) 
 
Procedure 
1. Mix 1 mg LHRH with 20 mL of deionized water filtered through a 0.22-µm filter. 
2. Place hormone solution in 2 labeled 10-mL blood collection tubes  
3. Anesthetize green sunfish Lepomis cyanellus female in 150 mg/L of MS-222. 
4. Weigh fish. 
5. Inject 100 µg/kg fish of LHRH solution. The volume (mL) to inject if LHRH is diluted as  
mentioned above equals weight of fish (kg) × 2 + 10% for spillage. 
6. Place fish in covered tank. 
7. Check for eggs 24 hours later 
8. Strip eggs by applying gentle pressure on both sides of the abdomen towards the 
urogenital pore.   
9. Strip eggs into room-temperature HBSS in greased bowl (Tiersch et al. 1994) because 
sunfish eggs are adhesive. 
10. Separate eggs into appropriate treatment groups in 100-mL glass bowls. 
11. Drain excess HBSS from eggs. 
12. Add 0.5 mL sperm with a pipette. 
13. Add filtered water (10 times volume of sperm) and gently swirl. 
14. Wait 5 minutes and fill bowl with filtered tank water. 
15. Place fertilized eggs in incubator at 28 C. 
16. View eggs after 10 h with dissecting microscope for fertilization.  Record feritilization as 
the percentage of eggs that progress to the embryonic shield stage (Kim and Park 1987). 
17. Change the water about every 12 h. 





















Figure A-8-1.  Embryonic shield stage of sunfish embryo (left) and yolksac sunfish fry (Kim 





Kim, Y.U. and Y.S. Park.  1987.  Development of eggs, larvae and juveniles of bluegill, Lepomis 
 macrochirus Rafinesque.  Bulletin of the Korean Fisheries Society 20: 24-32. 
 
Tiersch, T.R., C.A. Goudie, and G.J. Carmichael.  1994.  Cryopreservation of channel catfish 
 sperm: storage in cryoprotectants, fertilization trials and growth of channel catfish 
 produced with cryopreserved sperm.  Transactions of the American Fisheries Society 
 123:580-586. 
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APPENDIX B:  UNANALYZED DATA 
 
CHAPTER 3:  CONDITIONING SUNFISH TO SPAWN IN CAGES IN WARMWATER PONDS 
 
Table B-3-1.  Fertilization (percent) of green sunfish Lepomis cyanellus eggs with non-frozen 
sperm of bluegill Lepomis macrochirus and coppernose bluegill Lepomis macrochirus 
purpurescens.  Fish were stimulated to ovulate by injection of 100 µg/kg of synthetic 
luteinizing hormone-releasing hormone.  Eggs were stripped 24 h later.  Fertilization was 
recorded as the percentage of eggs that developed to the embryonic shield stage after 10 h 
of incubation at 28 C. 
 
Female number Male number Percent fertilization 
GSF02F01 NBG02M06 19 
GSF02F02 NBG02M06 49 
GSF02F03 NBG02M06 34 
GSF02F04 NBG02M07 58 
GSF02F05 NBG02M07  4 
GSF02F06 NBG02M07 39 
GSF02F07 NBG02M10 55 
GSF02F08 NBG02M15 59 
GSF02F09 NBG02M16 60 
GSF02F10 NBG02M22 44 
GSF02F11 CBG02M10 77 
GSF02F12 CBG02M11 55 
GSF02F13 CBG02M12 67 
GSF02F14 CBG02M17 50 
GSF02F15 CBG02M19 43 
GSF02F16 CBG02M19 27 
GSF02F17 CBG02M19 72 
GSF02F18 NBG02M27 56 
GSF02F19 NBG02M27 26 
GSF02F20 NBG02M28 52 
GSF02F21 NBG02M28 65 
GSF02F22 NBG02M28 14 
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CHAPTER 4:  CRYOPRESERVATION OF SPERM OF BLUEGILL AND GREEN SUNFISH 
 
Table B-4-1.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm activated with 
nine activation solutions.  
   Activation solution    
Male Number 1 2 3 4 5 6 7 8 9 
NBG02M15 60 60 55 45 40 20 10 0 0 
NBG02M18 55 55 55 45 40 20 5 0 0 
NBG02M19 65 65 65 60 50 40 25 15 0 
NBG02M20 75 75 75 65 55 35 20 1 0 
NBG02M21 60 60 60 55 50 25 10 5 0 
 
 
Table B-4-2.  Osmolality (mOsmol/kg) of bluegill Lepomis macrochirus sperm solution 
activated with nine activation solutions.  Osmolality of 10 µL of the mixture of sperm 
and activation solution were measured with a vapor pressure osmometer (Model 15500 
Wescor, Inc. Logan, Utah). 
   Activation solution    
Male number 1 2 3 4 5 6 7 8 9 
NBG02M15 81 100 119 131 163 190 217 254 279 
NBG02M18 67 88 110 126 150 177 214 231 254 
NBG02M19 81 92 110 133 157 181 208 250 276 
NBG02M20 83 94 115 133 165 184 231 253 279 




Table B-4-3.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm activated 
with nine activation solutions.  
   Activation solution    
Male Number 1 2 3 4 5 6 7 8 9 
GSF02M01 65 65 65 60 40 25 15 0 0 
GSF02M02 80 80 80 75 50 20 15 0 0 
GSF02M03 90 85 85 50 15 5 1 0 0 
GSF02M04 85 85 85 65 45 15 5 0 0 
GSF02M05 90 90 90 90 75 25 15 0 0 
 
 
Table B-4-4.  Osmolality (mOsmol/kg) of green sunfish Lepomis cyanellus sperm solution 
activated with nine activation solutions.  Osmolality of 10 µL of the mixture of sperm 
and activation solution were measured with a vapor pressure osmometer. 
   Activation solution    
Male number 1 2 3 4 5 6 7 8 9 
GSF02M01 80 104 122 137 161 187 218 248 281 
GSF02M02 87 100 119 137 162 190 228 263 280 
GSF02M03 83 102 116 144 166 198 229 255 275 
GSF02M04 82 98 122 148 170 221 224 258 276 
GSF02M05 87 96 123 137 167 205 195 251 274 
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Table B-4-5.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm for 10 d.  
Sperm  were not motile during storage and samples were activated with deionized water. 
  
Day 
Male number  0 1 2 3 4 5 6 7 8 9 10 
NBG01M05 80 50 35 35 35 40 40 25 15 10 0 
NBG01M06 65 25 30 30 15 10 5 3 1 0 0 
NBG01M07 75 50 45 25 20 35 30 25 20 35 5 
NBG01M08 80 55 60 45 35 30 40 25 20 40 5 
 
Table B-4-6. Motility estimates (percent) of green sunfish Lepomis cyanellus sperm for 5 d.  
Sperm  were not motile during storage and samples were activated with deionized water. 
Day 
Male number 0 1 2 3 4 
GSF01M08 45 10 5 0 0 
GSF01M09 45 10 5 1 2 
GSF01M10 80 30 25 10 10 




















Table B-4-7.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exoposed to 
10% concentrations of four cryoprotectants for 60 min.  Sperm were activated with 
deionized water.  Motility before addition of cryoprotectant is designated as “0 min.” 
 
10% Methanol 
Male number 0 min 15 min 30 min 45 min 60 min 
NBG01M01 80 70 70 65 60 
NBG01M02 60 50 50 45 50 
NBG01M03 60 40 40 35 35 
NBG01M04 65 70 55 45 55 
      
 10% Dimethyl sulfoxide  
Male number 0 min 15 min 30 min 45 min 60 min 
NBG01M01 80 20 15 10 10 
NBG01M02 50 1 1 1 0 
NBG01M03 30 1 10 5 5 
NBG01M04 55 20 40 25 20 
 
 10% Dimethyl acetamide  
Male number 0 min 15 min 30 min 45 min 60 min 
NBG01M01 60 1 1 1 0 
NBG01M02 15 1 0 0 0 
NBG01M03 60 2 1 0 0 
NBG01M04 50 5 1 1 0 
      
10% Glycerol 
Male number 0 min 15 min 30 min 45 min 60 min 
NBG01M01 75 55 55 40 40 
NBG01M02 30 25 20 10 15 
NBG01M03 35 0 0 0 0 












Table B-4-8.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm exoposed to 
10% concentrations of four cryoprotectants for 60 min.  Sperm were activated with 
deionized water. 
10% Methanol 
Male number 0 min 15 min 30 min 45 min 60 min 
GSF01M01 80 70 50 45 30 
GSF01M02 60 1 1 1 0 
GSF01M03 95 70 80 65 70 
GSF01M04 90 70 70 65 60 
      
 10% Dimethyl sulfoxide 
Male number 0 min 15 min 30 min 45 min 60 min 
GSF01M01 75 60 50 55 45 
GSF01M02 80 70 70 45 30 
GSF01M03 80 65 75 65 65 
GSF01M04 75 70 55 45 45 
      
10% Dimethyl acetamide 
Male number 0 min 15 min 30 min 45 min 60 min 
GSF01M01 80 50 60 35 25 
GSF01M02 80 70 65 60 50 
GSF01M03 80 60 50 20 10 
GSF01M04 85 75 65 60 45 
      
10% Glycerol 
Male number 0 min 15 min 30 min 45 min 60 min 
GSF01M01 70 5 2 2 1 
GSF01M02 35 10 1 10 2 
GSF01M03 80 10 10 10 5 







Table B-4-9.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm thawed with 
four methods.  Sperm were cryopreserved with 10% methanol and samples were 
activated with deionized water. 
Thawing method 
Male number 40 C for 7 sec 30 C for 14 sec 20 C for 21 sec Bench 
NBG02M22 45 40 15 5 
NBG02M23 45 35 20 3 
NBG02M24 30 30 25 5 
NBG02M25 30 35 20 3 
 
 
Table B-4-10.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm thawed 
with four methods.  Sperm were cryopreserved with 10% dimethyl sulfoxide and samples 
were activated with deionized water. 
Thawing method 
Male number 40 C for 7 sec 30 C for 14 sec 20 C for 21 sec Bench 
GSF02M06 25 30 5 1 
GSF02M07 35 20 1 5 
GSF02M09 40 25 5 5 
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Table B-4-11.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm estimated at 
30-s intervals for 3 min.  Sperm were activated with deionized water.  Non-frozen sperm 
were from males not used in cryopreservation studies.  Sperm were cryopreserved using 
10% methanol and straws were thawed at 40 C for 7 s.  
  Time (min) 
Male Number Treatment 0 0.5 1 1.5 2 2.5 3 
NBG02M27 Non-frozen 75 40 10 1 0 0 0 
NBG02M28 Non-frozen 50 40 25 10 5 0 0 
NBG02M29 Non-frozen 60 45 15 1 0 0 0 
NBG02M30 Non-frozen 50 30 15 5 1 0 0 
NBG02M22 Cryopreserved 45 20 1 0 0 0 0 
NBG02M23 Cryopreserved 45 10 1 0 0 0 0 
NBG02M24 Cryopreserved 30 10 0 0 0 0 0 
NBG02M25 Cryopreserved 30 5 1 0 0 0 0 
 
 
Table B-4-12.  Motility estimates (percent) of sperm of green sunfish Lepomis cyanellus 
estimated at 30-s intervals for 3 min.  Sperm were activated with deionized water.  Non-
frozen sperm were from males not used in cryopreservation studies.  Sperm were 
cryopreserved using 10% dimethyl sulfoxide and straws were thawed at 40 C for 7 s.  
  Time (min) 
Male Number Treatment 0 0.5 1 1.5 2 2.5 3 
GSF02M09 Non-frozen 60 40 20 10 5 0 0 
GSF02M10 Non-frozen 40 30 15 5 1 0 0 
GSF02M11 Non-frozen 55 30 20 10 5 1 0 
GSF02M06 Cryopreserved 25 1 0 0 0 0 0 
GSF02M07 Cryopreserved 35 5 0 0 0 0 0 




Table B-4-13.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm 
cryopreserved with 10% concentrations of two cryoprotectants.  Straws were thawed at 
40 C for 7 s.   
Post-thaw motility (%) 
Male number Initial motility 10% Methanol 10% Glycerol 
NBG01M05 60 5 25 1 1 
NBG01M06 40 15 15 0 0 
NBG01M07   --* 35 55 10 10 
NBG01M08 -- 55 55 5 1 
* Data were not collected 
 
Table B-4-14.  Motility estimates (percent) of green sunfish Lepomis cyanellus sperm 
cryopreserved with 10% concentrations of two cryoprotectants.  Straws were thawed at 
40 C for 7 s. 
Post-thaw motility (%) 
Male number Initial motility 10% Dimethyl sulfoxide 10% Dimethyl acetamide 
GSF01M08 70 30 30 5 5 
GSF01M09 60 5 5 5 1 
GSF01M10 50 20 10 20 5 




Table B-4-15.  Fertilization (percent) of green sunfish Lepomis cyanellus eggs with 
cryopreserved sperm  of bluegill Lepomis macrochirus.  Eggs that reached embryonic 
shield stage were counted as fertilized.  Fertilization with fresh sperm was from a green 
sunfish male not used in cryopreservation studies. 
 
Male number Fresh 10% Methanol 10% Glycerol 
NBG01M05 82   7   2 19 6 
NBG01M06 89 20 62  1 0 
NBG01M08 70   2   2 11 6 
 
 
Table B-4-16.  Fertilization (percent) of green sunfish Lepomis cyanellus eggs with 
cryopreserved sperm  of green sunfish.  Eggs that reached embryonic shield stage were 
counted as fertilized. Fertilization with fresh sperm was from a green sunfish male not 
used in cryopreservation studies. 
Male number Fresh  10% Dimethyl sulfoxide  10% Dimethyl acetamide 
GSF01M08 36 20 30 28       8 
GSF01M09 48  0  0 10 0 




CHAPTER 5:  HYBRIDIZATION OF TWO SUB-SPECIES OF BLUEGILL WITH GREEN SUNFISH 
THROUGH CRYOPRESERVATION. 
 
Table B-5-1.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed to 
five concentrations of methanol for 30 min.  Motility before addition of cryoprotectant is 
designated as “0 min.” 
Motility (%) 
5% Methanol 0 min 10 min 20 min 30 min 
NBG01M10 60 50 50 45 
NBG01M11 90 90 85 80 
NBG01M12 70 70 65 65 
NBG01M14 80 80 80 75 
NBG01M15 90 90 80 80 
10% Methanol 0 min 10 min 20 min 30 min 
NBG01M10 50 50 45 35 
NBG01M11 90 90 85 75 
NBG01M12 90 80 80 80 
NBG01M14 70 70 65 55 
NBG01M15 80 80 75 75 
15% Methanol 0 min 10 min 20 min 30 min 
NBG01M10 50 45 30 30 
NBG01M11 90 90 80 75 
NBG01M12 90 80 80 80 
NBG01M14 70 60 60 55 
NBG01M15 80 75 60 60 
20% Methanol 0 min 10 min 20 min 30 min 
NBG01M10 40 35 20 20 
NBG01M11 85 80 50 35 
NBG01M12 75 60 45 40 
NBG01M14 65 55 45 45 
NBG01M15 75 65 50 50 
25% Methanol 0 min 10 min 20 min 30 min 
NBG01M10 30 5 1 0 
NBG01M11 80 45 20 1 
NBG01M12 50 1 0 0 
NBG01M14 50 10 1 0 





Table B-5-2.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed to  
five concentrations of dimethyl sulfoxide for 30 min. 
Motility (%) 
5% DMSO 0 min 10 min 20 min 30 min 
NBG01M10 55 50 40 35 
NBG01M11 90 85 75 75 
NBG01M12 90 90 85 80 
NBG01M14 65 60 55 50 
NBG01M15 75 70 70 65 
10% DMSO 0 min 10 min 20 min 30 min 
NBG01M10 40 20 20 15 
NBG01M11 80 65 45 60 
NBG01M12 85 50 60 50 
NBG01M14 50 45 40 35 
NBG01M15 70 40 35 40 
15% DMSO 0 min 10 min 20 min 30 min 
NBG01M10 25 10 15 10 
NBG01M11 50 40 40 15 
NBG01M12 50 15 15 15 
NBG01M14 45 25 15 5 
NBG01M15 70 35 35 30 
20% DMSO 0 min 10 min 20 min 30 min 
NBG01M10 10 1 1 1 
NBG01M11 50 30 20 5 
NBG01M12 30 15 10 5 
NBG01M14 20 5 0 0 
NBG01M15 20 5 2 1 
25% DMSO 0 min 10 min 20 min 30 min 
NBG01M10 5 1 1 1 
NBG01M11 35 10 1 1 
NBG01M12 1 1 1 0 
NBG01M14 10 0 0 0 







Table B-5-3.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed to  
five concentrations of dimethyl acetamide for 30 min. 
Motility (%) 
5% DMA 0 min 10 min 20 min 30 min 
NBG01M10 60 50 35 40 
NBG01M11 85 85 80 70 
NBG01M12 90 90 70 80 
NBG01M14 70 70 60 55 
NBG01M15 80 80 75 75 
10% DMA 0 min 10 min 20 min 30 min 
NBG01M10 60 45 40 30 
NBG01M11 85 80 50 60 
NBG01M12 85 85 80 80 
NBG01M14 70 70 65 60 
NBG01M15 80 55 60 45 
15% DMA 0 min 10 min 20 min 30 min 
NBG01M10 50 10 5 5 
NBG01M11 90 45 20 20 
NBG01M12 85 80 65 65 
NBG01M14 65 55 30 15 
NBG01M15 75 50 30 30 
20% DMA 0 min 10 min 20 min 30 min 
NBG01M10 30 0 0 0 
NBG01M11 70 0 0 0 
NBG01M12 70 30 30 15 
NBG01M14 60 15 1 0 
NBG01M15 65 1 0 0 
25% DMA 0 min 10 min 20 min 30 min 
NBG01M10 0 0 0 0 
NBG01M11 1 0 0 0 
NBG01M12 50 5 0 0 
NBG01M14 0 0 0 0 
NBG01M15 0 0 0 0 
 
111 
Table B-5-4.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed to  
five concentrations of glycerol for 30 min.   
Motility (%) 
5% Glycerol 0 min 10 min 20 min 30 min 
NBG01M10 55 30 30 10 
NBG01M11 80 65 50 50 
NBG01M12 90 70 45 50 
NBG01M14 50 15 0 0 
NBG01M15 60 25 15 10 
10% Glycerol 0 min 10 min 20 min 30 min 
NBG01M10 50 20 20 15 
NBG01M11 85 60 40 40 
NBG01M12 80 80 45 40 
NBG01M14 55 0 0 0 
NBG01M15 55 30 15 5 
15% Glycerol 0 min 10 min 20 min 30 min 
NBG01M10 20 15 1 5 
NBG01M11 60 20 1 0 
NBG01M12 60 20 1 1 
NBG01M14 5 0 0 0 
NBG01M15 35 5 5 0 
20% Glycerol 0 min 10 min 20 min 30 min 
NBG01M10 5 1 5 1 
NBG01M11 40 5 1 0 
NBG01M12 45 10 0 0 
NBG01M14 5 0 0 0 
NBG01M15 15 0 0 0 
25% Glycerol 0 min 10 min 20 min 30 min 
NBG01M10 1 1 0 0 
NBG01M11 10 0 0 0 
NBG01M12 20 5 0 0 
NBG01M14 0 0 0 0 
NBG01M15 5 0 0 0 
 






Table B-5-5.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm exposed to  
five concentrations of propylene glycol for 30 min. 
Motility (%) 
5% PG 0 min 10 min 20 min 30 min 
NBG01M10 50 55 40 40 
NBG01M11 90 90 85 80 
NBG01M12 90 90 85 85 
NBG01M14 65 70 60 60 
NBG01M15 80 80 80 75 
10% PG 0 min 10 min 20 min 30 min 
NBG01M10 50 45 35 35 
NBG01M11 90 80 75 70 
NBG01M12 90 90 85 70 
NBG01M14 60 60 50 50 
NBG01M15 65 60 60 55 
15% PG 0 min 10 min 20 min 30 min 
NBG01M10 40 20 15 10 
NBG01M11 80 60 50 50 
NBG01M12 80 45 30 50 
NBG01M14 50 35 15 10 
NBG01M15 65 50 25 30 
20% PG 0 min 10 min 20 min 30 min 
NBG01M10 30 15 10 5 
NBG01M11 60 20 10 1 
NBG01M12 50 15 10 5 
NBG01M14 40 30 15 5 
NBG01M15 30 10 1 1 
25% PG 0 min 10 min 20 min 30 min 
NBG01M10 20 5 1 1 
NBG01M11 20 5 1 1 
NBG01M12 15 1 1 0 
NBG01M14 15 10 0 0 
NBG01M15 15 1 0 0 
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Table B-5-6.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm exposed to five concentrations of methanol for 30 min. 
Motility (%) 
5% Methanol 0 min 10 min 20 min 30 min 
CBG01M15 55 55 55 50 
CBG02M01 70 65 70 65 
CBG02M02 50 50 50 50 
CBG02M03 85 85 85 80 
CBG02M04 50 45 45 45 
     
10% Methanol 0 min 10 min 20 min 30 min 
CBG01M15 50 55 55 45 
CBG02M01 70 70 70 60 
CBG02M02 50 50 45 50 
CBG02M03 85 80 70 65 
CBG02M04 50 40 40 40 
     
15% Methanol 0 min 10 min 20 min 30 min 
CBG01M15 55 40 40 15 
CBG02M01 65 50 50 25 
CBG02M02 45 45 30 35 
CBG02M03 75 75 70 60 
CBG02M04 40 40 25 20 
     
20% Methanol 0 min 10 min 20 min 30 min 
CBG01M15 50 20 10 5 
CBG02M01 65 45 20 15 
CBG02M02 45 35 15 20 
CBG02M03 70 55 65 55 
CBG02M04 35 20 30 25 
     
25% Methanol 0 min 10 min 20 min 30 min 
CBG01M15 40 0 0 0 
CBG02M01 40 5 0 0 
CBG02M02 35 10 0 0 
CBG02M03 60 30 5 1 
CBG02M04 25 10 1 0 
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Table B-5-7.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm exposed to five concentrations of dimethyl sulfoxide for 30 min. 
Motility (%) 
5% DMSO 0 min 10 min 20 min 30 min 
CBG01M15 50 55 55 55 
CBG02M01 70 60 60 60 
CBG02M02 45 40 45 40 
CBG02M03 80 70 65 65 
CBG02M04 40 40 40 35 
10% DMSO 0 min 10 min 20 min 30 min 
CBG01M15 50 45 40 35 
CBG02M01 50 10 15 15 
CBG02M02 30 15 10  5 
CBG02M03 60 45 30 35 
CBG02M04 35 20 20 20 
15% DMSO 0 min 10 min 20 min 30 min 
CBG01M15 20 20 10 10 
CBG02M01 40 5 5  1 
CBG02M02 15 5 1  0 
CBG02M03 25 10 5 10 
CBG02M04 15 5 5  1 
20% DMSO 0 min 10 min 20 min 30 min 
CBG01M15 15 5 5 5 
CBG02M01 10 5 0 0 
CBG02M02  5 1 0 0 
CBG02M03 10 1 1 0 
CBG02M04 10 1 0 0 
25% DMSO 0 min 10 min 20 min 30 min 
CBG01M15 5 0 0 0 
CBG02M01 5 0 0 0 
CBG02M02 0 0 0 0 
CBG02M03 1 0 0 0 
CBG02M04 1 0 0 0 
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Table B-5-8.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm exposed to five concentrations of dimethyl acetamide for 30 min. 
Motility (%) 
5% DMA 0 min 10 min 20 min 30 min 
CBG01M15 55 55 55 55 
CBG02M01 70 70 60 60 
CBG02M02 50 50 40 45 
CBG02M03 85 85 75 80 
CBG02M04 50 50 30 35 
     
10% DMA 0 min 10 min 20 min 30 min 
CBG01M15 55 50 45 45 
CBG02M01 60 20 15 10 
CBG02M02 50 15 15 15 
CBG02M03 60 10 10 5 
CBG02M04 45 35 20 10 
     
15% DMA 0 min 10 min 20 min 30 min 
CBG01M15 50 15 10 1 
CBG02M01 60   5 1 1 
CBG02M02 45 10 5 1 
CBG02M03 35   1 0 0 
CBG02M04 40 10 5 0 
     
20% DMA 0 min 10 min 20 min 30 min 
CBG01M15 40 1 0 0 
CBG02M01   5 0 0 0 
CBG02M02 20 0 0 0 
CBG02M03 20 0 0 0 
CBG02M04 30 0 0 0 
     
25% DMA 0 min 10 min 20 min 30 min 
CBG01M15 0 0 0 0 
CBG02M01 0 0 0 0 
CBG02M02 0 0 0 0 
CBG02M03 0 0 0 0 
CBG02M04 15 10 5 1 
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Table B-5-9.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm exposed to five concentrations of glycerol for 30 min.   
Motility (%) 
5% Glycerol 0 min 10 min 20 min 30 min 
CBG01M15 50 20 20 10 
CBG02M01 65 20 20 10 
CBG02M02 50 15 5   5 
CBG02M03 70 40 30 20 
CBG02M04 40 15 15   5 
     
10% Glycerol 0 min 10 min 20 min 30 min 
CBG01M15 35 30 15  5 
CBG02M01 65 15 1  1 
CBG02M02 50 20 10  5 
CBG02M03 65 40 20 15 
CBG02M04 45 20 5  0 
     
15% Glycerol 0 min 10 min 20 min 30 min 
CBG01M15 40 15 10 0 
CBG02M01 40   1   2 1 
CBG02M02 35 10   0 0 
CBG02M03 50 25   1 1 
CBG02M04 30   5   1 0 
     
20% Glycerol 0 min 10 min 20 min 30 min 
CBG01M15 20 10 0 0 
CBG02M01 15 1 1 0 
CBG02M02 15 1 0 0 
CBG02M03 30 5 0 0 
CBG02M04 10 1 0 0 
     
25% Glycerol 0 min 10 min 20 min 30 min 
CBG01M15   5 1 0 0 
CBG02M01   5 0 0 0 
CBG02M02   1 0 0 0 
CBG02M03 10 1 0 0 








Table B-5-10.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm exposed to five concentrations of propylene glycol for 30 min 
Motility (%) 
5% PG 0 min 10 min 20 min 30 min 
CBG01M15 55 55 50 50 
CBG02M01 70 70 65 60 
CBG02M02 50 50 25 30 
CBG02M03 85 80 50 50 
CBG02M04 40 45 45 40 
     
10% PG 0 min 10 min 20 min 30 min 
CBG01M15 50 50 40 40 
CBG02M01 65 50 30 25 
CBG02M02 50 50 35 25 
CBG02M03 80 45 50 50 
CBG02M04 40 30 20 10 
     
15% PG 0 min 10 min 20 min 30 min 
CBG01M15 50 35 20 15 
CBG02M01 40 30 15 10 
CBG02M02 15 10 15   5 
CBG02M03 65 30 40 20 
CBG02M04 35 10 15   5 
     
20% PG 0 min 10 min 20 min 30 min 
CBG01M15 30 15   5  5 
CBG02M01 20   5   5  1 
CBG02M02   5   1   0  0 
CBG02M03 45 15 15 10 
CBG02M04 20   5   1  1 
     
25% PG 0 min 10 min 20 min 30 min 
CBG01M15 15 1 0 0 
CBG02M01   5 0 0 0 
CBG02M02   1 0 0 0 
CBG02M03 15 5 0 0 





Table B-5-11.  Motility estimates (percent) of bluegill sperm cryopreserved with five 
cryoprotectants and effects on fertilization and hatching success of green sunfish eggs 
fertilized with cryopreserved sperm.  Control eggs were fertilized with fresh bluegill 
sperm from a male not used in the cryopreservation study. 
 Fresh sperm  15% Methanol 
Male number Motility Fertilization Hatch Motility Fertilization Hatch 
NBG02M01 80 49 49 
 
40 34 18 
NBG02M02 65 58 26  35  * * 
NBG02M03 50 55 49  15 17 11 
NBG02M04 70 60 54  35 43 20 
NBG02M05 80 44 44  50 24 13 
        
 5% Dimethyl sulfoxide  10% Dimethyl acetamide 
Male number Motility Fertilization Hatch  Motility Fertilization Hatch 
NBG02M01 20 45 42  0 0 0 
NBG02M02 15 27   8  0 0 0 
NBG02M03 10 22 15  0 0 0 
NBG02M04 10 14 12  0 0 0 
NBG02M05 10 * *  0 0 0 
        
 10% Glycerol  10% Propylene Glycol 
Male number Motility Fertilization Hatch Motility Fertilization Hatch 
NBG02M01 5 0 0 
 
20 33 33 
NBG02M02 1 2 1  20 60 32 
NBG02M03 5 1 0  15 43 18 
NBG02M04 5 7 0  10 38 36 
NBG02M05 10 11 1  10 41 32 







Table B-5-12.  Motility estimates (percent) of coppernose bluegill Lepomis macrochirus 
purpurescens sperm cryopreserved with five cryoprotectants and effects on fertilization  
 and hatching success of green sunfish eggs fertilized with cryopreserved sperm.  Control 
eggs were fertilized with fresh coppernose bluegill sperm from a male not used in the 
cryopreservation study. 
 Fresh sperm  10% Methanol 
Male number Motility Fertilization Hatch  Motility  Fertilization Hatch  
CBG02M05 85 77 77 
 
15 22 21 
CBG02M06 90 55 43   * * * 
CBG02M07 80 67 67  50 37 29 
CBG02M08 90 50 48  40 28 24 
CBG02M09 50 * *  25 * * 
        
 5% Dimethyl sulfoxide  5% Dimethyl acetamide  
Male number Motility Fertilization Hatch  Motility  Fertilization  Hatch  
CBG02M05 30 0 0 
 
5 21 10 
CBG02M06 25 23 13  20 4 1 
CBG02M07 25 50 50  30 44 33 
CBG02M08 50 31 34  20 * * 
CBG02M09 15 * *  15 * * 
        
5% Glycerol  5% Propylene glycol  
Male number Motility Fertilization Hatch  Motility Fertilization Hatch 
CBG02M05 1 9 7  20 31 31 
CBG02M06 1 45 27  25 58 26 
CBG02M07 5 33 33  20 70 65 
CBG02M08 1 0 0  25 42 32 
CBG02M09 1 * *  30 * * 









Table B-5-13.  Motility estimates (percent) of sperm of bluegill Lepomis macrochirus (NBG) 
and coppernose bluegill Lepomis macrochirus purpurescens (CBG) exposed to three 
concentrations of propylene glycol for 30 min.  Motility before addition of cryoprotectant 
is designated as “0 min.” 
 
  0 min    15 min    30 min  
 5% 10% 15%  5% 10% 15%  5% 10% 15% 
CBG02M13 60 50 20  50 55   5  25 25   5 
NBG02M22 75 90 60  80 60 20  80 60 10 
CBG02M14 80 50 20  30 10   1  35 20   5 
NBG02M23 70 50 30  50 45   5  60 25   1 
CBG02M15 90 70 40  65 70 25  70 60   5 
NBG02M24 75 60 40  80 30 10  50 35 10 
CBG02M16 50 20 10  40 5   1  60 5   1 
NBG02M25 80 75 35  60 55 20  60 40 20 
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Table B-5-14.  Motility estimates (percent) of bluegill Lepomis macrochirus sperm and 
coppernose bluegill Lepomis macrochirus purpurescens sperm cryopreserved with 5% 
propylene glycol, and effects on fertilization percent and hatching percent of green 
sunfish eggs fertilized with cryopreserved sperm.  Bluegill and coppernose bluegill were 
paired, and cryopreserved sperm from each pair fertilized the eggs of the same green sunfish  
 Lepomis cyanellus.  Controls were fertilized with sperm from males not used in the  
 cryopreservation study. 
 
  Fresh bluegill   Fresh coppernose 
Male numbers Motility Fertilization Hatch  Motility Fertilization Hatch 
NBG02M25 and CBG02M15 80 72 35  90 69 64 
NBG02M23 and CBG02M14 70 56 30  80 65 50 
NBG02M24 and CBG02M16 75 69 70  50 76 76 
NBG02M22 and CBG02M13 75 43 37  60 12 12 
        
 Cryopreserved bluegill  Cryopreserved coppernose 
Male numbers Motility Fertilization Hatch  Motility Fertilization Hatch 
NBG02M25 and CBG02M15 5 72 56  30 39 2 
  63 53   46 22 
NBG02M23 and CBG02M14 30 44 31  10 36 34 
  66 58   45 42 
NBG02M24 and CBG02M16 15 64 35  25 35 27 
  64 41   38 16 
NBG02M22 and CBG02M13 15 15 5  5 9 2 





SECTION 412 OF TITLE 56 OF THE LOUISIANA REVISED STATUTES 
 
Issuance and renewal of certificate; transportation of finfish; use of public waters. 
A. It shall be unlawful for any person to engage in the propagation, production, transportation, 
and possession of fish, including hybrid striped bass, coppernose bluegill (Lepomis macrochirus 
purpurescens), or hybrid bream limited to a bluegill (Lepomis macrochirus) and green sunfish 
(L. cyanellus) cross or a redear sunfish (L. microlophus) and bluegill (L. macrochirus) cross, or 
minnows raised or produced in private artificial reservoirs or enclosures located on privately 
owned property in this state except as provided in this Subsection:  
(1) Every person desiring to engage in the production or propagation of fish or minnows for sale 
shall first make application in writing to the Louisiana Wildlife and Fisheries Commission for a 
certificate to do so. The application shall be made on an application blank furnished by the 
commission. It shall contain a description of the land to be included in the artificial reservoir or 
enclosure located on privately owned property, by lot and block number, or by other legal 
description, shall give, in detail, the nature of the business in which the applicant desires to 
engage, and shall be signed by the applicant.  
(2)(a) Upon filing of the proper application, an annual certificate shall be issued to the applicant, 
the initial certificate to cover a period of time ending with the calendar year following the date of 
the certificate. The application for the certificate shall be accompanied by an initial fee of fifteen 
dollars.  
(b) Annually thereafter, on the first of December, the Department of Wildlife and Fisheries shall 
notify each grower of fish or minnows by mail on a suitable form, that unless renewed, their fish 
or minnow grower's certificate shall expire on December 31st. If the grower desires to renew his 
certificate he shall fill out the blank form furnished by the Department of Wildlife and Fisheries 
and return it to the department accompanied by a fifteen dollar renewal fee, and the certificate 
shall be automatically renewed thereby for one year upon complying with the other provisions of 
this Subpart.  
(3) In the sale or transportation of fish or minnows over the highways of this state, a bill of 
lading shall accompany each shipment showing the species of fish or minnows contained in the 
shipment, number of pounds, the origin of the payload, destination of the shipment, the name of 
the consignee and consignor, the grower's certificate number and name. Numbers heretofore 
required to be placed on the side of the trucks or motor vehicles shall not hereafter be required.  
Obnoxious or undesirable species of fish or minnows shall not be grown or sold to the public for 
human consumption or be used as bait.  
(4) Persons engaged in the business of domestic fish farming under this Subpart are excepted 
from the provisions of R.S. 56:306, and shall be entitled by virtue of their certificate to sell 
domesticated hybrid striped bass, catfish, carp, drum, and buffalo fish, coppernose bluegill 
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(Lepomis macrochirus purpurescens), or hybrid bream limited to a bluegill (Lepomis 
macrochirus) and green sunfish (L. cyanellus) cross or a redear sunfish (L. microlophus) and 
bluegill (L. macrochirus) cross, in any size, quantity, or limit without restriction in state or out of 
state, provided that the domestic fish farmer shall notify the Department of Wildlife and 
Fisheries not less than twenty-four hours prior to the transportation of each shipment of 
commercial fish over the highways of this state.  
(5) No fin fish farmer or other person may use public bodies of water to propagate, raise, feed or 
grow any species of fin fish. The use of cages, pens and fenced-off portions of such water bodies 
for propagating, raising or growing any species of fin fish is prohibited.  
(6) Repealed by Acts 1987, No. 92,§ 2; Acts 1987, No. 534,§ 2; Acts 1987, No. 851,§ 2.  
B. Violation of any of the provisions of this Section constitutes a class three violation.  
Added by Acts 1964, No. 245,§ 1; Amended by Acts 1966, No. 242,§ 1; Acts 1970, No. 77,§ 1; 
Acts 1974, No. 223,§ 3; Acts 1984, No. 230,§ 1, eff. June 29, 1984; Acts 1986, No. 1008,§ 1; 
Acts 1987, No. 92,§ 2; Acts 1987, No. 534,§ 2; Acts 1987, No. 851,§ 2; Acts 1988, No. 778,§ 1; 
Acts 1990, No. 251,§ 1; Acts 1992, No. 528,§ 1, eff. June 29, 1992; Acts 1997, No. 1237,§ 1; 
Acts 1999, No. 1022,§ 1.  




Issuance and renewal of certificate; transportation of finfish; use of public waters  
Title 56 of the Louisiana Revised Statutes. R.S. 56, §412 (2000).  
www.legis.state.la.us/tsrs/RS/56/RS_412.htm  July 1, 2002. 
 
 
APPENDIX D MASTER LIST OF BROODSTOCK 
 
Table D-1.  List of female green sunfish Lepomis cyanellus broodstock used for 
fertilization studies.  All fish were collected at a 6.9-ha reservoir at the Louisiana 
State University Aquaculture Research Station in Baton Rouge, Louisiana. 
 



































Table D-2.  List of male green sunfish Lepomis cyanellus broodstock used for 
cryopreservation studies.  All fish were collected at a 6.9-ha reservoir at the 
Louisiana State University Aquaculture Research Station in Baton Rouge, 
Louisiana. 







































Table D-3.  List of male bluegill Lepomis macrochirus broodstock used for 
cryopreservation studies.   
Male number Collection Site Chapters 
NBG01M01 Henderson Lake, Henderson, Louisiana 4 
NBG01M02 Henderson Lake, Henderson, Louisiana 4 
NBG01M03 Henderson Lake, Henderson, Louisiana 4 
NBG01M04 Henderson Lake, Henderson, Louisiana 4 
NBG01M05 Henderson Lake, Henderson, Louisiana 4 
NBG01M06 Henderson Lake, Henderson, Louisiana 4 
NBG01M07 Henderson Lake, Henderson, Louisiana 4 
NBG01M08 Henderson Lake, Henderson, Louisiana 4 
NBG01M10 LSU Aquaculture Research Station 3,5 
NBG01M11 LSU Aquaculture Research Station 3,5 
NBG01M12 LSU Aquaculture Research Station 3,5 
NBG01M14 LSU Aquaculture Research Station 3,5 
NBG01M15 LSU Aquaculture Research Station 3,5 
NBG02M01 LSU Aquaculture Research Station 3,5 
NBG02M02 LSU Aquaculture Research Station 3,5 
NBG02M03 LSU Aquaculture Research Station 3,5 
NBG02M04 LSU Aquaculture Research Station 3,5 
NBG02M05 LSU Aquaculture Research Station 3,5 
NBG02M22 LSU Aquaculture Research Station 3,4,5 
NBG02M23 LSU Aquaculture Research Station 3,4,5 
NBG02M24 LSU Aquaculture Research Station 3,4,5 
NBG02M25 LSU Aquaculture Research Station 3,4,5 
NBG02M26 LSU Aquaculture Research Station 3,4,5 
NBG02M27 LSU Aquaculture Research Station 3,4,5 
NBG02M28 LSU Aquaculture Research Station 3,4,5 
NBG02M29 LSU Aquaculture Research Station 3,4,5 














Table D-4.  List of male coppernose bluegill Lepomis macrochirus purpurescens 
broodstock used for cryopreservation studies.  All fish were obtained from Suttle 
Fish Farms, Laurel, Mississippi. 
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